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1. INTRODUCTION
 

Rice, an 
aquatic plant, can be adversely affected when grown under
unsaturated soil moisture regime for a prolonged period. 
Since about
75 percent of total rice acreage in Africa is grown on unbunded and
unirrigated rainfed soils, soil moisture stress can adversely affect rice
growth and yiel1. 
 Rice yield under optimum fertilizer and moisture
conditions on experimental plots has been obtained as 
high as 7.0 t/ha,
the mean farm yield in Africa Is as low as I.2 t/ha, and ranges from
1.4 to 3.7 t/ha in the tropic; of Asia and Latin America ('fable 1). The
average yield of rice in west Africa is about 0.5 t/ha (Abifarin et al,
1971), although the national average is higher 
for many countries.
Experimental station average yields of' upland rice ranges from 2.5 to
3.5 t/ha in Gambia, 3-h t/ha in Ivory Moast. 3.6 to 3.5 t/ha in theRepublic of Benin, and 3 to 
h t/ha in Western Nieria (USDA, 1968).
 

One of the important factors affecting rice production under uplandconditions is 
the soil moisture stress. 
 In shallow soils developed on
basement complex rocks, and in those regions where evapo-transpiration

exceeds the prc2ipitation over 5 to 7 -day period during the growirgseason, shallow rooted crops such as 
rice can be adverse].y affected by
frequent droughts. In addition, rootL growth on some soils 
can be
seriously impeded due to adverse physical properties (high gravel
concentration, compaction etc.) or" nutrit ional imbalance (Al or Mn
toxicity) (Babal.ola and Lal, 1976 a, b). 
 Therefore, under dry upland
conditions, rice suffers from drought stress even a few days after a 
heavy rain.
 

The problem of drought stress is 
a complex one, and needs to be
investigated for agronomic, genetic, engineering, soil-water management
and irrigation, and plant physiological aspects. 
 Knowiu g soil-water
relations 
or rice 
can be helpful in developing suitable agronomic
practices inc]luding time of plan; ing, methods of seed bed preparation,
seeding techniques, and depth and duration of flAooding. 
 Selection of
suitable varieties should be based on 
criterion that reflect ability to
withstand drought e.g. leaf wate,
r characteristics, 
consumptive water use,rooting depth, and ability to produce a stab.e yield under adverse
 
conditions.
 

There is 
scanty information on plant-water rela!;ions of suitable
upland varieties. 
 The realm of water management, even 
for irrigated
or swnuuip rice, is still an open question. 
 flow much water? Is flooding
necessary? What are, if any, advantages of mid-season drainage? I;
puddling necessary?
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The objective of this report is to compile the existing information 
on these subjects, and review the results of experiments conducted at 
IITA - Nigeria. The existing information will be critically reviewed 
with an objective to indicate gaps in oar knowledge oil soil-water rela­
tions of rice, and to indicat-,e 'esc:ar'h priorities in soil and water 
management for rLce'. 

This volume is deficit in terms of reviewing the research information 
on water use by rice for different soils anJ agroecological environments, 
land forms in relation to rice production. Since this volume was prepared 
in 1976, many suitable reviews have appeared in these aspects and readers 
are referred to those books and reviews for broader aspects of soil-rice 
relationship This compilation deals with a rather narrow aspect of 
soil-water relations of rice and some techniques of investigating the
 
plant-water status of two rice cultivars grown under a range of soil
 
moisture regimes and fertility conditions.
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Table 1. 
 Rice acreage and production in the tropics (1973-1975). Adopted from
 
iRRI, 1977). 

Area 

Region (1000 ha) 
0 

World total (1000 mt) 
of 

World total Mt/ha 
% of 

World total 

East Asia 39,501 28.7 146,920 14.3 3.7 154 

South east Asia 32,716 23.8 67,037 20.2 2.0 83 

South Asia 51,717 37.6 90,825 27.4 1.8 75 

West Asia 687 0.5 1,988 0.6 2.9 121 

North Africa 461 0.3 2,346 0.7 5.1 212 

West Africa 2,033 1.5 2,436 0.7 1.2 50 

Central and east Africa 1,708 1.2 2,523 0.8 1.5 62 

Brazil 4,836 3.5 6,684 2.0 1.4 58 

Other Latin .Aerican 1,806 1.3 5,301 1.6 2.9 121 
Countries. 

World 137,411 100 331,460 100 2.4 100 



4
 

References
 

1. Abifarin, A.O., R. Chabrolin; M. Jacquot, R. Marie, and J.C. Moomaw
 
1972.
 
Upland rice improvement in west Africa. 
In "Rice Breeding." IRRI, Los
 
Banos : 625-635.
 

2. Babalola, 0., and R. Lal 1977a.
 
Sub-surface, gravel horizon and root growth. 
 I. Gravel concentration,
 
and bulk density effects. 
 Plant and Soil 46 : 337-346.
 

3. Babalola, 0., and R. Lal. 1977b.
 
Sub-surface gravel horizon and root growth II. 
 Effect of gravel size,

inter-gravel texture, and natural gravel horizon. 
Plant and Soil 46
 
3117-357.
 

4. F.A.0. 1968.
 
Rice-Grain of Life. Worl Food Problems 6, FAO, Rome, Italy, 1968.
 

5. F.A.0. 1972.
 
Rice Marketing. FAO Marketing Guide No. 6. 
FAO, Rome, Italy, 1972.
 

6. IRRI 1975.
 
Major research in upland rice. 
IRRI, Los Banos, Phillippines.
 

7. Palacpac, A.C. 1977.
 
World Rice Statistics. IRRI, Los Banos, 1977.
 

8. U.S.A.I.D. 1968.
 
Rice in west Africa. USDA/USAID, Washington, D.C., U.S.A.
 



5
 

2, WATER REQUIRM]E'NT OF FLOODED RICE 

The actual transpiration, when the canopy is full and water is not 
limiting, may not be drastically different in flooded than in upland rice 
or other adequately watered upland crops. The important factors that 
influence the total water requirement of paddy rice include climatic 
parameters that inrlfuence evaporation (radiation, wind, temperature, 
humidity), soil properties (such as water ho.ld nrg capacit y ;s ifl'uenced 
by texture and strueture, deep seepage and percolation, depth of' ground 
water, prcsence or absernc of' hard impou-meable layer in the soil profile),
methods of saedbcd prepara tion andI(l other cultural practices (puddling, 
dry seed bed prepoaration, direct seding versus transplanting, fertiliz­
er rate), varietal characteristics (-including days to maturity, growth
characteristics including leaf area and tlle ring), and the mode of 
water applicat ion cr water management systems. 

A considerable research on coniurcOt ive water use of flooded rice 
has been done in nout, h and southeast Asia, and other rice growing regions 
of the world. A brief summary or the water requirement of flooded rice 
is shown in Table L. Most of the resute concerned lysimetric studies, 
and computationis o' water requirements ['rom climatic data. There has 
been little availab.e information on consumptive water use of' flooded 
rice from West Africa. 

Pan (1952, 1963) reported that in the Hunan province of China,
total water' requirement of paddy is about 85 cm, 55 percent of which is 
actual trranspiralion. Saliu arid Rath ("9'7P, reported that total consump­
tive water use ranged from IIN8 to 1359 mm. In north India, (;hildyal 
reported from lysimetri c experiment:; a peak rate of 114.9 mm/day for 
tall indica va'iriies:e and 13.1 mm/day 'or dwarf varieties. Mohammed and 
Morachan (J974T) 'ound Oit. water requirement for Madras in India from 
planting to 1,arrves I was; I '( mm tor I B-8 and 1217 mm for IR-20. In the
Philippines, evaorati<,n ranging P'rom to 12 mm/day has been reported 
by various researchers (Table 1). 

Oxplerim-nit: reported f'roni J ajar (Leonard, 19h8) indicated the 
water rquiremnt of rice rangig'ng 'roi 'r(( to i3 cim. Matsushima (1960)
reported the tr'ansirati on rattio 'or Japan ti be 450. The transpiration 
ratio was ['ound i be 31T 'or Mala/;sia (,,u rlimo,.o, 197P). 

The. i water was be 130 cm inconr; mit, v use oi' rce ob;erved to 
the Murrumbidqy Frrrak ci' South Wales, Australia (Hunger­g.tion Area Now 
ford, 1955), w t r si Fhn lth luh'.rniISA, Juies (193hi, 1938) reported
that h to 5 acre ti'. t, of' water ,r, required to produce a crop of rice. 
In Cal i f'oriia, IIUSA, Haney Kf.a.l. ( 961) reported evapotranispiration rang­
ing from P .AK to 3.0 acre tee . 

Ihla tonar'tur,. preysented i nidicates that con:umnp tivu water use by
rice ranges from 0.,S to 1.3 cm/day, dueending on soil, climatic factors, 
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Table 1. Water requirement of flooded rice (mm/day).
 

Country Region Water Requirement Reference 

Australia New South Wal-s 180 mm/season Hungerford (1950) 

Bulgaria - 720 mm/season Sparsov (1973) 

China Hunan Province 85 cm/season Pan (1952, 1963) 

India - 1218-1359mm/crop Sahu and Rath (1972) 

India U.P. 14.9 m/day Ghildyal (1973) 

India ll.-12 mu/day Nair (1973) 

India - 1217-1417mm/crop Mohammed and Mora-

India Bihar h.0-5.imm/day 
chen (1974) 

Chaudhry (1966) 

India Indian subcontinent 0.2-8.3 mm/day Mukerjee and Chat-

Indonesia - 4.0-6.o mm/day 
terjee (1967)

Goor (1950) 

Iran - 8.0 mm/day Goor (1961) 

Japan - 70-131 cm/crop Leonard (1948) 

Laos - 5.0 mm/day Kung and Atthayodin 

Malaysia - 5.0-5.5 rim/day 
(1965) 

Goor (1963) 

Pakistan - 8.0-11.8 mm/day Huang (1963) 

Philippines - 4 mm/day IRRI (1964-65) 

Philippines - 10.4-l1.6mm/day Alfonso (1948) 

Philippines - 5.9-6.9 mm/day Kampen (1976) 

Surinam - 7.0 mm/day Eijsvogel (1961) 

Taiwan - 5.4-5.9 nn/day Kan (1969) 

Thailand - 5.0-6.0 mm/day Kung and Atthayodin 

(1961) 
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and the growth characteristics of the variety grown. The results of
 
experiments conducted at IITA, Ibadan, and at IRRI, Los Banos, are pre­
sented in the following section, arid are compared with those obtained
 
elsewhere. The results are sumnarized according to the factors affect­
ing consumptive water use of rice.
 

Consumptive water use at different grovth stages. Generally, the peak
 
water demand of rice ; from maximum Lillering to the grain filling
 
stage. Nair et a. (19Y3) reported that the grtatest daily ET rates
 
occurred from maximum tllering to heading.
 

The evapo-transpiraL,ion of flooded rice at Ibadan, Nigeria, 
for three consecutive seasons is shown in Figures 1 to 4. The data in 
Figure I indicate that for the first six weeks after planting, there 
were no significant diffe1rences in the evaporation and evapotranspira­
tion. The mean evto-transpiration was 3.h (:m/week. There was a steady 
increase in tLie evapo-transpiralAon from the seventh week after plant­
ing, attaining a maximum rate of 7.3 em/week occurring during the 12th 
week after planting. This period corresponded with the panicle devel­
opment and the grain filling stage. There was a gradual decline in the 
evapo-transpiration rate Crom week 1Q to maturity. T , evapo-transpira­
tion (evaporation ratio for various growth stages) is shown in Tables 
2-5. During the period of peak water demand, evaporation constitutes 
only 30-00 percent of the evapo-transpiratlon. Similar results have 
been reported elsewhere (Sparsov, 1913; Nair e al., 1973). 

Table 2. The ratio evaporation :evapotranspiration in rice paddy
 
(August - December 1970).
 

Week after planting Evaporation : Evapo-transpiration
 

6 0.98
 

7 0.98
 

8 0.77
 

9 0.69 

10 0.52
 

11 0.34
 

12 0.44
 

13 0.30
 

ill 0.36
 

15 0.35
 

16 0.32
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Table 3. Components of consumptive water use by paddy rice (May-

September 1971). 

Wtuek ; After Evaporation Percolation Transpiration E/T P/T
Plant j ng rni/woek cm/week cm/week 

14 2.8 0.9 0.1 28.0 9.0 

5 2.7 1.5 0.1 27.0 15.0 

6 3.3 1.2 0.5 6.6 2.4
 

7 3.41 
 0.7 0.2 17.0 3.5
 

8 3.3 
 0.9 2.6 1.27 0.35
 

9 1.8 1.1 4.4 0.41 0.25
 

10 2.3 2.8 
 5.3 0.43 0.53
 

11 1.2 0.5 9.7* 0.12 0.05 

12 2.5 1.6 1.8 1.4 0.90 

13 1.9 0.3 
 0.6 3.2 0.50
 

].4 0.9 1.4 2.9 0.3 0.48 

15 0.9 0.4 3.3 0.27 0.12 

16 1.0 1.4 2.3 0.43 0.61 

17 1.0 1.5 4.2 0.24 0.36 

Total: 29 16.2 38.0 0.76 0.43
 

GRAND TOTAL 83.2 cm
 

*Lysimeters were flooded due to heavy rains.
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Table 4. Consumptive water use (cr/week) for dry season crop (November 
1971 to March 1972).
 

Weeks after EvLporation Percolation Transpiration 
planting (1!]) (p) (T) E/T P/T 

5 ?2.73 0.07 o.77 3.55 0.09 

6 2.24 0.63 0.8h 2.67 o.75 

7 2.03 0.21 0.91 
 2.23 0.23
 

8 1.75 0.35 
 0.91 1.92 0.18
 

9 1.61 0.42 1.12 1.44 0.38
 

10 1.82 2.03 2.17 
 0.84 0.91i
 

11 2.10 2.24 
 2.66 0.79 0.84 

12 2.1.7 3.50 3.01 
 0.72 1.16
 

13 1.96 3.57 h.27 o.4j6 0.84
 

14 2.03 h.62 
 3.01 0.67 
 1.53
 

15 
 2.10 2.31. 2.87 
 0.73 0.80
 

16 2.10 2.10 
 2.80 0.75 0.75
 

17
 

Total 24.64 22.05 25.3)4 0.97 0.87
 

G.T. = 72.03 
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Table 5. Components of consumptive water use in paddy rice (May-

September 1972). 

Weeks after Evaporat ion Percolation Transpiration 
plant i i 'in/week cm/week cm/week E/T PIT 

3 2.10 0.35 0.35 6.00 1.00 

4 2.52 0.77 0.56 14.50 1.38 

5 0.98 0.28 1.12 o.88 0.25 

6 2.17 0.10 0.84 2.58 0.48 

7 2.03 0.07 1.19 1.71 0.06 

8 1.40 0.20 1.12 1.25 0.19 

9 1.75 0.49 1.47 1.19 0.33 

10 1.26 0.07 1.33 0.95 0.05 

11 1.47 0.28 0.77 1.91 0.36 

12 0.91 0.42 1.19 0.76 0.35 

13 1.19 0.70 1.61 0.74 0.43 

14 0.77 0.05 1.54 0.50 0.03 

15 1.19 1.54 1.33 o.89 1.16 

16 1.05 1.05 1.89 0.56 0.56 

Total 20.79 6.68 16.31 1.27 0.41 
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The effects of climatic parameters on consumptive water use. The energy
required for the evaporation is dependent on the changes in climatic
 
valiables. Es-timates of evapo-trarnspiration 
 of' rice have therefore
 
been obtained from pan evaporaLtion. Sugimoto (19Y6) observed in
 
Malaysia tNrOt the tans dration/pan ,-vaporatIon and vapo-trarspiration/ 
pan evapora on io; werel ri. cons lirt, arid were unaf'fected by plant
growth, par, iull .y Lhe loa' arrea index (LAI) was 1.9. lvapo­
tranrspirtion was Pinnificni ly la.,i Lo ; :;iii (r=0 . ). Similar 
studies havp ()on c(1' dt ,d l _ ala i by Haguarur'i arid Aray' (1972).
Tiese res ai'c('li o -'rv''vil Lt t the water conslul ii, or()In 0O-day periods
showed the :rii i,,id.n('y, and tha, the (eVao-transpiratLoLn p(ak coincid­
ed with the t _ump r'Lture peak arid the durat ion o]' the sunshine. Ucki and
Shairug,'r: t iiin (1.973) al.so observed aihigh corre lition coefficient 
between trarns:r, ior daily Incomi ng radr;,, and 'il.i on . The peak transpira­
tion occurred at "ho mit Itei'iaximum gre,,also corresponding to maximum 
rad i ati on vaLues. 

Vamadevai (1971, 1973) observed in India that ratio ofthe evapo­
transpirat.bon (ET) inia rice crop and ' Lass A pan evaporation ias con­
stant throuqhou t ig ,rowing season . Moreover, the potential EP was 
signif.cntlIy iner,'uased by wa ter depith dur ir g thie early period of rice
 
growth. In AunnUali , Evans (1971) 
 and Iorng t al. (197h) reported

signiicant correlt ion between evajo-transpiraton and U.S. class A
 
pan evaporation. 

Allavena (197'2) compared the experimental values of ET with those
calculated b, the f'ormula of' ThornthwaiLte, Turc, Blaney-Criddle, lar­
greaves, O'crnmar, and with that from an atmometer. The estimates ob­
tained From the F'ormula of' Ia' irnthwaite and those obtained f'rom atmo­
meter dcviated f'rom the ohservd valie f'romr -3 to +1.ipercent. 

The expe,rmenrts coriducted at ]badan indicated significant diff­
erences between lhe water temperature in the evaporation pan installed 
within a large paddy field, and the water Lemperature under the rice
(Table 6). In the morning (0800 hr), water temperature in the rice 
paddy was about J Q lower than that in tie bare evaporimeter. In the
afternoon, howev-i, the temper'ature under Field paddy was 3-8 C lower 
than thrat i. tLKr evaporatioti pan. 'Plis na uLtude of difference in 
water teIlwriroq mariy ancounit lur' a lIar Variat ion in the pan evapor'L­
tion compared with,reva!u-1transi. r'at ior From a rice f'ield. 

The eorretLa ion coet'Ficei,-nLr between evaporation, transpiration,
arid evapo-t rr s;pr r at, Urn dif'ferent cropis Ibadanfor senon at with 
climati c variable; in n ii(iwiir i n Tables 7-B. The consuirp tive water 
r quire lni, ini ti;es- stiedsIn wan 'n.', r lficantly correlated with the 
solar radiaLtl ii)n, st,at, of' ',ow tir, arid the LAI. higier leafThe the 
area, the ri(or'e Ow Pvapo-Lra.i raLL bo. About hiO percernt of evapo­
tLralsji ratiern wan at, ti' hltairiclu thr. ]arnUet e.;crs that :L]sO influence
 
)Un (Vr'lpriti[in.
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Table 6. Water temperature (°C) in paddy (planted Aagust 10, 1970)
 

Date 
Rice 

3 a.m. 

Bare Rice 

4 p.m. 

Bare 

19/11/1970 

20/11/1970 

21/1/197o 

25.4 

25.4 

26.o 

26.0 

26.0 

26.7 

27.4 

27.5 

-

34.4 

33.h 

22/11/1oo. 0 

23/11/1970 

24/11/1970 

25/11/970 

25.5 

25.6 

25.3 

26.0 

26.3 

26.0 

27.4 

27.0 

27.3 

33.2 

32.9 

33.3 

26/11/1970 

27/11/1970 

24.9 

23.8 

25.6 

2h.A 

27.2 

26.0 

30.4 

33.8 

28/11/1970 22.4 24.0 - -

29/11/1970 

30/11/1970 

;1// /197o 

2/12/1970 

... 

20.4 

_ 

19.8 

21.0 

_ 

20.5 

-

23.2 

_ 

31.5 

3/12/1970 19.6 19.9 - -

h/12/1)70 18.4 18.7 21.8 30.0 

5/12/1970 18.6 19.6 -

6/12/1970 20.4 21.0 - _ 

- = no records available 
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Table 7a Correlation coefficients and regression equations between
 
consumptive water use (cm/week) and other parameters (May-September 1971).
 

Independent2
 
2
variable Dependt-nt variable r Regression Equation
 

Evaporation Evapo-transpiration (ET) .h1 0T = -4.0h o + 2.52E 
(E) 

LAI Evapo-trarispiration 0.53 ET = 2.9 + 0.13 LAI 
(4-12 weeks) 

Weeks after Evapo-transpiration 0.89 ET = 0.48 + 0.71 x 
planting (b-12 weeks) 

Raditaion (R) Evaporation (E) 0.49 E = -0.59 + 0.01 R 

Consumrptive 
water use Evapo-transpiration 0.94 (ETP) = 0.84 + 1.06 ET 

(iT + P) 

Radiation (R) Evapo-transpiration 0.40 ET = 0.46 ± 0.0027 R 

Between 10 and 16th week, and excluding rainy days.
 



----- --------------------------- - ----- - -- -- -- -- -- ---

Table 7b. Consnpijve water use ii relation to other climiatic parmeters. 

(a) Mean val ue ; (I' V!Lr'io 1 j)ff. w.ne tfAr: 

Mean d SE 
I!:vao-tLraL;: rati or (mm/day) )1.12 2.29 0.22 

Evaporat. ion (mm/day) 2.76 2.38 0.23 

- -RBadi.at jorn ( cm ,' day l) 296.6 .11 .6 10.9h 

Me,:an ho d i ty (' ) 35.9 .30 0.52 

Mean t(,npatur, (c) 23.7 1.23 0.12 

--aln ',1 rid v, o'i ty (m hr 1 ) 0.97 0.h1 0.011 

(b) Tab].l of 'orr:-ation vid retgressions 

Indeperdrit variabl.., Dependent var-rableu r Regression equation 

Evaporaft, )nvapo- trun,,;p! rat, ioj ( . 56** Y = P.62 + 0.5h 

adiat i, i:vapo-trn:'pi r"t, ion 0.533** Y = 0.90 + O.O]-O8x 

111,i di ty Mvapo-Lran:;;, ir'a. Ion -0.' )5 *X Y = 20.7 - 0.19;x 

'iumpra,ur,2 vapo- t, ran ; i rtiot0, 0 . )I Y = 17 ..L + 0. 8 9x 

Wind velocitby Bvapo-tI'ar:; ,irat.ion 0.03 Y = 3.96 + O.-. 6 x 

Radiation Evaporat, i o1 0 .)I** Y = 0.17 + 0.009x 

flumidity !EvaporutionJ -O.)io** Y = 18.1.6 - O.l8x 

Temperature I':vaporait, ion o.Wb ** Y = -9 .38 + 0.93x 

Wind velocity Evaporation 0.23 Y = I. 7 + 1.33x 

http:RBadi.at
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Table 8. Regression equations between variables and consumptive water
 
use (cm/day), November 1971 - March 1972.
 

Independent Variable Dependent Variable r 2 Regression equation 

*Solar radIaion ET 0.80 If = -0.63 + 0.0033R 

g cal cm-P d: y-1) 

Stage of' growth ET 0.66 IT = 0.123 + O.047G 
(week) 

Evaporation (E) ET 0.90 ET = 0.216 + 0.73E
 
(0-8 weeks grovrth)
 

* Between 10th and 16th week. 

G - weeks after planting
 

Table 9. Influence of soil moisture regime on consumptive water use of
 
rice (May-September 1971).
 

Moisture Pegime Consumptive water use
 
(cm/crop)
 

Saturated, no ponding 60.0
 

Flooding, ;!0 DAS hh.8
 

Flooding. 35 DAS 50.1
 

F'loodi ig, 55 DAS 31.3
 

Alternate fl ooding 39.8
 

Rainfed bunded free drainage W16.0
 

LSD (.05', 14.0 
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The experiments conducted atL IRPI i.n the PhiliJp i nes indicated a
high correlation of daily cvu.io- iispi.rtvat ion with slj]ar radiation 

r = 0.85), a value or :sola r'with mean rrrdI:,.ion of' Ay.,' lm-ca'l/cm;/day
and ET of' h mm/dnay ( LI-il , 196h ; Jlnnoris, _190).• The r'en:ui t:n of' ere,studies by i)e )atta ci, al. ( le)(j') indicva.i, lihe correlation between
the evapo-Ltrannspi t, irl and nola' radl iition wan :I,<rifican.. ( r = 0.5)

Obviously Lip! ncoIor radiat.ion wa:,s rt. f.!ie, my r
W f" or Prespor;ible 'or
the eVap.ro-Lran,:;,ir i1w lonnan-'n. €--,r':riellat, Ph'oleo a cti ot/'ValoPai~lon
ratio was ri5 r ., for ti, i,, n' :;a or:n of' .,15 


71 rrini 

The erff'c t s of' noil mo.isture regirre and mode of' irri gation. The method 
o'f i , ,iqare, r),h(If' i.d ]' lanf, po[pilal i on ha"ive a nigrli­ficant e f'fecL, on euronrsmt iv, water ti:n of' rice. leerarri( ('1l8O ) ob­served in ,Jaianri Lh.rico did bWW.t cr if' the 
waLer i:: deep irimediately
after trarnsplantingrr t.i] ]i,*r iarid shal]ow at rin/ fa . iiaj'aiiorfI and Amaya(197P) alno r',qged Fromr'orr ,Iaranrn t, IL wafer connrrmp, ion or the dried
field was fUK , irneabout liree an In h:an on the porded Field. On thecontrary, lathar ,i bf , r (.W(ra) r"ro'fled foim Iniia haL, tire Lrarn­
piratiort, ,vae-,'.'ef, ion arid pe,,'e, 
 l' i ronl :;;,:: "all incra'sed with tihe
 
level. or' nrr un' (it.,
 

Exp'frin it ,:,cordi e tod] atl, l initlariiid nil, a ni'ri LcanL, effect of'
soil moi:;ur', ref im: ocn
rornsumi. Mowe 1,iIrW use (T ' 9). 'he mgaximum
connumnptive une was r'ecorded For eori~ innejrlIy pnnrdl(d Qt'atrr~r n. With­holdin l.,oodinq until % daysn aJ'F, [riat, rt aso thireia ] m",duc(d corrr;IJrrup-.
tive water tue. Cons:;uti War tn of' tuimrrf'ri ce or It6 cmi wan

also identical to tr'i.atlaf-nt;:; wi,.,e :;iI i" 
 ''nrr' Wa:, obser'ved . TIr:;
implie: that. ur,d-" ra inflf ll emiliti ,r: :; imilar.i to Lr:r. i, or Tbadan , asuccnnl'iful ti'" "r'o rnd,.r' h/dr,'(m r irfii (vltl L o'/ mrtfrrm)saiils can be 

t, ,grown wi mrL',ppI rm.rL,al i r .t' ir. 

Effect 0'1arnd itiO[trentarf. m.iliod:; nsumptive wateron co use. Bradfield(1970) nsuggestned ihit,. a'ret, r';, et] .,e rve to oil puddling for ricecult ivation rrrirhLl, j' Lhe pn':tt, i " or' f'urr'ow irrigaL.ion f'or growing rice on non-puddled s;oil. i'xpor'impnr,:: hi.e l,e'ri conducted at, IHI{I to evaLu­
ate the eff m:, of' fiin :i.]ttrf ,. :':yn eti,. i l ':Orrulroluf., 'v, water tune ardgrain yield of' ricc. Tle w', "''e lir',d l' IFlid ipt',.'iraL,io ini thelowland f i wa:: 0:;fi0tt0d to l,,' l'i rai, tt . in'Id I'l' ronr-iuddi led
field wan only A mirmr. 'i'w dai ly t'f/ of' "lt' wnw.... ' 'a.'( Irri/day arnd
3.3'( mm/day For' pjrdd andfWt' ,le :d l ,-'di' atni,, t.:; r'i.:l.cL.iwvely.
Averaged OvC'r f. ,'vito . ,UPm'hwir"in;'.:;'er, fl , (.in::ttrptive. wa.iert in(- of
the riort-priddled ri-l d ct eer'e' 'ef, of'"F M in fromi,,wan Iybit twhat, ptddlled
field. ;imila' r'en.ult:s tir r',trir'ernerr pr'e f' Uw wtt,,m' mmFor la,nd tpara.Lionl
in the Phil.1 rres have ieen m'porftd by Krt.pen (1)'(0). 
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Summary 

The consumptive water use of rice depends on factors such as
 

climate, variety, leaf area index, gronth duration, method of irrigation,
 

depth of submergence and land preparation. The results of consumptive 

water use, therefore, vary from region to region. The evapo-transpira­
from the data of solartion of rice can be approximately estimated 

radiation and pan evaporation. However, the empirical relations have to 

each region. The evapo-transpiration/be experimentally developed for 


evaporation ratio is generalLy constant for a given region.
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3. EFFECTS OF DIFFERENT SOIL MOISTURE REGIMES
 

IN PADDY ON (POW T H, YIELD OF RICE 

Traditionally rice is rown in flooded soil, with irrigated rice 
accounting for 110 percent of total vice - oduction in south and south­
east Asia (Barker, 197(0). The sy.tm of flooding rice is widely prac­
ticed, although reasons are complex and not well understood. Weed 
control when submerr'ed is one such rason. Depending on soil factors, 
fertilizer efficiency and nutrilnt availability may also be better under 
flooded than under upland condit ions. With the economical availability 
of herbicides, however, the role of Fl]ooding and ev n puddling for weed 
ontrol is now questionable, qhis subject will be discussed in other 

chapters. 

A corsidurable amount of' research on the effects of' flooding and 
mid-season drainage on rice has been done in Japan. Yoshino and 
Kawasaki (1953) reported from their studies on directly-sown rice that 
flooding from sixth-leaf' stage gave the highest grain yield. These 
findings were supported by subsequcnt experimentation by Amatatsu et al. 
(195h) who observed thaL. irri',igat ion in the initial stages resulted in a 
vigorous growth onely in]I. e ye:;utaL iva stage of' crop growth. With­
holding irriqat.lion the 0iial stages :;uippr'es:;ed vegetative growth,in in 
but the grain yLP], was l0 rwrent higher than in the continuously sub-­
merged tr,' .' ,:ti.. The rcsea'ch oencie'ted by Arasohi (1955) and Baba 
(196) (urou,,W,: by Yamad:, 1.L960) inid ica ted that mi d'season drainage 
produced 30 l,,.ir more grains than the urindI'airied plots. The highest 
grain yiel]d wa:s ntain Aedby wtildldieD] tLgn water supply from 25-3K 
days bef'ore h dino- lEoyema t al. (10nf) al so observed that drainage 
of paddy F'i ld:;atat oral init. iia ion stage favored more tillers per 
plant than CiId2 , ide cootinuou:s .ulsvitr'guiicw. Miyasaka (1970) re­
ported that dr'ai oav', rducd the wat(.' content of leaves, increased the 
N uptake by th' roo ts ('ce;a result o' increased root activity), in­
creased the ;,ho I oyntnle,ici activit2 y durin'7 ripening stage, and conse­
quently Inc reaed:; U g.ra in yi. ild. 'Ihet i me at which paddy was drained 
between tli1l1rin and r, ::et ge:; ; .1 :;o f'ec ted the distributionar' of 
carbohyd a'Lts (,.;eouroe/.;n;k '"eIatiouisiip) but rot the Final grain yield. 
Hlashimoto (197(1) r'urm' td ima s2u1'ac. 'Irri gation gave higher yield 
than continuou,; ti!o0(111 for" ac c ceJ/,y :soil. 

The Axl,'rimnt:; ,"'ndu, L.ed in South Asia have produced results 
which cannot 1). ,npra! i 'd. CY tudhry and Iandey (1965) reported the 
highest yield For 211 l , (,iti 1i1. to 10 cm till flowering stageuP depth 
followed by drai i'igiq. Tonanr' t, t l. (1WL) reported thie highest yield 
under coni. iliol :;Iibnl':l'ce. ,;iPthr, lanude (10)72) conducted field 
experiericrt t , gus ;t'';rni ylil& Fom',i ro"illtouen; ;ubmei'geice (0a to 
1.5 cr) , cyc'li(- :;ilhrr,:nucic, (0 L In 'u), cyclic xuttI uig.-dryingM (between 
saturation and F IelI capaci t.y) witi that of' nat.ural preci1 pi tation. 
Continuous submergence ,ave the h:igJest y]eld. IIpadhya and Datta 
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(1973) reported only a slight decrease in rice yield by midseason

drainage. Naqarajah et al. (1973) reported from Sri Lanka that when

IR-22 was either continuously flooded drainedor for 2-10 days at
 
primordial initiation, the drainage 
 did not increase rice yield duringeither of the two arowin seasons. Sheikh (1973) reported that the best
Trowth was ollt ined w.th continuous flooding of the soil. A combinationof drainage for rour weeks followed by flooding' for eight weeks resulted
in chlorotic plants and poor growLh. Tin increase in the Fe concentra­
tion in the plant tissues following i'.ooding was correlated with the
best grow-th (flooded ;reatment), unless it was accompanied by high
levels (drained and flooded treatment) which proved toxic. The work

Mn 

done in India on Phis aspect has indicated that non-submergence of ricefields was detrimental L, the y:ield unless the soil profile was satura­
ted or parLall y satur'red (AIL e al., 19Yh). On the other hand,

Kanwar A al. (107i) found t, 
 the be:;t yield of rice was obtained
when the soil moist ure rtrlme was between saturation and a suction of0.15 atmospher, as compared with that, of flooding to a depth of 2.5
to 7.5 cm of water. The work of Jha 
 t al. (1975) attributed the 
benefits of flood ing Lo uptake of Ae and Mn. They concluded that
submerrence coul perhaps 

land 
be disp ensed with, if these nutrients were

follar apieled., prov ided the soil was kept moist (suction not exceeding
0.3 bar) and :; weedLh-nr - wasoo conLr'ol. 

hesearch has airsu been conducted in other sub-tropical or tropi­
cal regions to investiqate the optimum moisture 
 regime of rice. Bula­
nadi and Aldaba (19,8) report,te, higher plant height and yield for in­
termitLenl, i 'ri inI, compared 
 with those f continuous irrigation. In
Brazil, i, rnard es (M1.Y9) showed that draining the fields 20 to 30 days

after emergence, a d until the liants showed signs of 
 wilting, produced

the highest grain y iid:. Experiments conducted in Jordan (1958)

showed that r c, yiid 
 wer-e 'irfC:ly rulated to the water supply at allstages of rrovtit. Buiulnd]i A, ai. (1p518 and 1959) produced contradict­
ory results in two sparate studies. iHall (1959) concluded from his

exro,riments that the advatagn e of dr'a .9 .,, rice fields is the ease of
fet ilizer appL cat. ion. iEnyi. (1963) 'ound that the critical period
for waLer orV.nFr of 'icn was four wekls after transplariting and that 
water logging h-8 w... AVs t rafter lanting favored higher grain yields
than did u arlir wa,,rleo U. 
 Grist (1965) ha; maintained that paddy

should he pl anted inia pri'opel'y snaked 
 field and that the depth of thewater s h",uld ic'r wit h p1L, trowL hiuntilnteased the depth is 15-30 cmof' water. I iala "nf Vrg'ii'a (19'(P) rqported that the survival of rice
seed lins atr t omple .,b i' ticiI'crased wiL.h increasing duration 
of :ubmergence. 

A cr!it.ical anpraisat of thi literature reported indicates that
soil should eIkepL near' saturationt 'ur optimumirice growth. The bene­fic i.al or harmful .'frj t,s of'W r'tnis,iag at various sLares of growth
depeid on seve"_'ali'' , .rac i n, Fatort's utin .in: soil properties,
nultrienut statLus and so I compositi iion, weed infestation, climatic con­
ditions and Le history of the f:ield i elf, in addition to significant 
varietal diff'erences. 
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The effects of depth of flooding has also been investigated by

•.amerous researchers. Bulandi At al. (1959) did not 
find any differ­
ence in rice yield for five submergence depths from 0 to 20 cm. Pande
 
and Mitra (1971) observed that under three levels of submergence (0, 5
 
and 10 cm depth) the highest evapo-transpiration corresponded with the
 
highest submergence depth. Oahu and Rath (].07) found that yield

reduction of 1?-2h percent occurred when tLe depthI of :ubmergerice was
 
decreased from 10 to 7.5 arid L.o 5 cm, rwpec 
tivelIy. Experinents con-­
ducted in the Philipuiries by Banche (1973) to determine the factors
 
responsible for beneficial effecLs 
 of 2uddli ng and submergence, indi­
cated that the advantages of puddling tropical soils are directly or
 
indirectly related to decreasing 
 water losses and not to increasing
 
the nutrient supplying capab lity ofMthe soil. In general, puddled
 
flooded treatments 
produced yields similar to other treatment combin-.
 
ations. Gorantiwar et al. (1973) observed nio differerices in rice 
yield b,.tween two submergence depth or h ard Y cm Af water. Similar 
results were rrpported by .ngh Ph al. (1973) and ,orae,,; aind Freire 
(1974).
 

The reu:;rit of' wa,,r muprarament experimentso conducted at ITTA, 
Ibadan, onmsandy loam AI tsol are compared in the f'ollowing section 
with those obtaineid at IRR t, Phil ippoinres , on heavy soil with vertic 
characteristic.s. Thi ,.Xper irnrimL at I rTA were conducted on field
 
lysimeters. Thie Ph2ific',i characM",N .2tics of 
t.he soil are shown in 
Appendices (See pg 276Y)!:" resrIL o r watat,,i tre'eattnit on plant growth 
and grain yield are d iscrissed hel ow. 

i) Plant l.igt,. ard t. i lluririg behetavior 

Plant heNi gh t at dif'fernL, growth : shown in Table 1.stages is 
Plant height was not s:-n I;i'ican t[y afteer:ted by various moisture re­
gimes, although t lowu:; t hei vh t was obtaiiied in lysimeters with a 
moisture regime involvinrig soi near sa.turation but no submergence. 
Generally, plant heig(ht was higher ini:;ubmerged and in lysimeters 
with cyclic subriirrance(' treatIaien!. 

Till:r couht, how,:v,.r, was gniticantl y afec ted by different:1grsi 
soil moisture regimr; (lable ;). 'Thi. maximum tiller count was ob­
served in lysimeters wi.t o :;withiei'!n(i,: and in raiu'ed treatment. It 
is apparent that submerq::nce may :; increase the plant height,stight.y 
but it suppresses tiUP capacitylIrir or rice. Similar observations 
were made in the greenhouse :;tud ies, reptorted in Chapters 6 arid 7. 

(ii) Leaf area inidex (IAI) 

Table 3 presents the data of the leaf' area per hill as influ­
enced by dif'erenL, moi:sture regimes. The leaf area was significantly 
different amongst, various moisture treatments, and it increased with 
the length of period for which the plan t s were submer'ged. The lowest 
leaf area was measured in the rainfed treatments., and the highest in 
the treatments with flooding co nrued from the initial s;tages of growth. 
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.,i- , l. If or (2) 

" 
AiAl, . ,ifa .. .. ' "'Al idA IN 

Plate 1. Field Layout of the lysimetric set up.
 

Plate 2. Microclimate measuring equipment.
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Table 1. Plant height (cm) at different DAS (IR-20).
 

Plant height (cm) at different days after seeding
 
Treatmen t
 

25 3? 39 46 53 60 67 74 81 88 95 

Saturated soil, 

1
no ponding 38 16 55 70 78 85 9)4 96 101. 107 114 

Flooding 20 DAS )13 55 70 80 92 95 ].01 108 108 117 122
 

Flooding 35 DAS 38 50 60 75 83 91 98 102 107 11.2 123
 

Flooding 55 DA 35 43 51 67 76 84 93 96 103 109 116
 

Cyclic sub­
mergence h0 57 66 79 90 9)4 99 105 i0 116 124
 

Rainfed (bunded) 37 h6 56 71 78 86 92 93 100 108 117
 

Table 2. Tiller count (per m2 ) as influenced by different soil 
moisture regimes (IR-P0). 

2 ) at different days after seedingcountTreatmurnt, Tiller (no/rn 
66 74 88 

Saturated soil, 

no ponding 30 70 ijl0o 1600 170 1710 1870 1870 1760 1810 1800 

Flooding 20 DAS 50 90 1.200 161-0 720 16h0 1550 1660 1710 1690 1690 

Flooding 35 DAS 40 70 1530 1770 1870 1780 1690 1680 16140 1680 1670 

, 

) 32 39 53 6o 67 81 95
 

Floodin 55 DAS )0 60 1,370 1670- 1860 1910 1870 1920 1800 1810 1800 

Cyclic sub­
mergence 50 70 1190 lbO 1640 1620 1550 1830 1650 1660 1650 

Raintied (bunded) hO 60 1190 1900 1900 2150 2120 1F)30 1780 1800 1800 
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Table 3. Leaf area (cm2/hill)
 

(a) M-,aximum tiller stage (35-50 DAP)
 

Plant Satuzated, Flooding Flooding Flooding 
 Alternate
 
or hil no ponding 20 DAS 
 35 DAS 55 DAS flooding Rainfed
 

! i!11
ii I ili1 I T III
ii 1I
I Ill ! I I!111
i!I1
 

1 1674 259 834 3470 863 694 1008 
 849 1235 1528 1871 400 2471 909 53 347 
 347 1198
 
2 1557 503 11L5 338 1828 558 1227 
 669 1274 1421 331 82 1443 449 306 2004 437 589

3 1987 646 224 2094 75L 98 859 10114 864 1162 1892 462 981 589 792 462 809 305
 
4 1872 425 531 2608 
781 3853 1234 1501 904 1107 506 327 2268 
 225 1342 2821 476 444 

7091 1833 2733 8510 4226 6091 4327 1033 4278 5217 4600 1571 7163 2171 297 5632 2069 2535
 
Mean 971 1569 1053 950 
 1026 853
 

(b) 50% flowering stage
 

1 1053 864 252 1121 870 744 629 229 2416 757 966 73Z 1326 385 863 758 877 1532 
2 851 811 629 918 1526 1619 1698 2852 759 649 832 434 1022 1070 1667 481 763 1412 
3 

4 

876 

986 

867 

1422 

768 1659 2299 1339 708 917 865 680 1087 
812 699 952 610 1991 1028 1493 2129 2065 

410 1891 980 1397 

532 1172 1677 122( 

768 1224 1155 

599 682 1088 
3766 5964 2460 4396 5647 4313 5025 5024 5532 4214 4950 210.5410 4112 5155 2607 3546 5233 

Mean 1016 1196 1298 940 1223 949 
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The analyses of the vegetative growth parameters, including 

plant height, leaf area index and tiller count, indicate that slight 
moisture stress, or perhaps non-submergence with soil kept near satur­
ation, increases tillerihg tendency. Whether or not these tillers are 
productive depends on soil moisture and nutrient supply during repro­
ductive phase of growth. While the plant height and perhaps the number 
of leaves per shoot may decrease with non-submerrence, the total 
number of shoots itself increases. The influence of non-submergence on 
the leaf area index (LAI) is therefore the result of many various 
factors.
 

(iii) Dry matter production at various growth stages 

Dry matter production as influenced by moisture regimes for 
various growth stages in shown in Iigure 1. Dry natter production at 
90 days after planting was in the order: submergence 20 DAP > cyclic 
submergence > submergence 35 DAP > rainfe'd > saturated soil, no sub­
mergence > si bmergence 55 DAP (Table I0). There were no differences 
in the dry matter production amnonCst various treatments at initial 
stages of crop growth. 

(iv) Grain and straw yield 

Grain yield (Table 5) was significantly affected by moisture 
regimes. Grain yield was inversely related to plant height and dry 
matter produc tion. The treatments which produced less vegetative 
growth produced more jrains. As long as the soil was kept near satur­
ation and firee of weeds , delayed submergence produced high grain yield. 
Similar results have been repo'ted by other workers (Auatsu et al., 
195h; Bulanadi et al. 1958; Yanada, 1960; Singh and Pande, 1972; 
Kanwar et al., 197h; Jha et al., 1975). The influence of soil moisture 
regime on straw yield is shown in TablL 6. Treatments with submergence 
from the initial stages produced higher straw yield than those treat­
ments with lelayed submergence, and when soil was near saturation 
during the periods of no submergence. The grain/straw ratio was 0.27, 
0.39, 0.51, 0.59, 0.60, and 0.67, respectively for submergence 20 DAP, 
cyclic submergence, submergence 35 DAl', ra:inlred, saturated soil with 
no submergence, and submerg (ence 55 DAP. 

The infl ueice or soi.[ moisture regimes on other yield components 

such as panicle length, number of' grairns per panicle, floral sterility 
and weight of 1000 grains is shown ini'ahle 7. lumber of grains per 
panicle and panicle .ength werp afrter.td by soil moisture regime in 
the order similar to tlat of ti)tal] Vrain yield. The computations of 
water use e l'ici 2 icy, the grailns prludticd per uniit of water consumed, 
differed sign iicantl.y amionigs t various treatmnenits (Table 8). The 
highest water use orr.l'fci ,ne:y Ii' i 'rirn is was o"'tain ed for the treatment 
with subin-rhurne dherr'd until 5n DAIP. Ire treatr erits nxLt iii this 

order were rainfed arid that with :;ubmrergenice deferred until 35 DAP. 

http:afrter.td
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Fig.l. Effects of soil moisture regime on dry matter production 
of IR-20 at different growth stages. 
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Table 4. Influence of soil moisture regime on 
dry matter production

of IR-20 paddy (1971).
 

Yield paraeter M_o i s t u r e 
 r e g i m e 1SD
 

1* 2 3 4 5 6 (.05) 

Mean plant height

(cm) 115.3 
 ll .)i 109.6 11.0.9 118.8 112.1 
 9.3
 

Dry matter 40 DAS
 
(g/plant) 
 1.92 1.67 
 1.25 1.37 1.14 1.26 
 0.80
 

Dry matter 55 DAS
 
(g/plant) 
 7.13 6.02 )s.52 4.88 h.29 4.57 2.74 

Dry mnatter 70 DAS 
(g/plant) 
 32.33 28.54 22.16 31.93 23.56 23.06 9.50
 

Dry matter 90 DAS
 
(g/plant) )15.60 36.02 2(.518 38.h", 
 31.05 30.24 12.4
 

Grain yield 90 DAS
 
(g/plant) 
 5.44 3.63 
 2.79 )4.66 3.58 h.011 
 2.32 

*For description of treatment nuriber, see Table 5, below. 

Table 5. Influence of' soil moisture rg,,ime rice grai non yield (May-
September 1971).
 

Treatment Grain yield (t/ha) 

1. Saturated soil, no submergence 3.)13 a b 

2. Submergence, 20 DAP 2.26 a 

3. Submergence, 35 DAP 3.82 a b 

1. Bubmergu.nce, 55 DAP )1.34 a b 

5. Cyc]ic submergence 2.35 a b
 

6. Rainfed (bunded) 3.63 a b
 

LSD (.05) 
 1.51
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Table 6. Influence of soil moist-tre regime on straw yield in rice
 
(May-September 1971).
 

Treatment Straw yield (t/ha)
 

Saturated soil, no submergence 5.69 a 

Submergence, 20 DAS 8.22 a b
 

Submergence, 35 DAS 7.)45 a b 

Submergence, 55 DAS 6.51 a b 

Cyclic submergence 6.00 a b 

Rainfed (bunded) 6.18 a b
 

LSD (.05) 2.08 

Table 7. Influence of' soil moisture regime on yield components of
 
rice paddy (May-September 1971). 

Panicle Number of Floral Weight 
Treatment length grains per sterility of 1000 

(cm) panicle (%) grains 

Saturated soil,
 
no subinerfence 26.4 172 22.4 19.3 

Submergene, 20 LAS3 ")i.5 15)1 21.9 19.7 

Submergence, 35 DA; 27.6 1h8 27.0 19.0 

Submergence, 55 DAS 26.0 158 21.4 18.7 

Cyclic submergence 26.9 153 26.7 19.0 

RainiVed (bunded) 26.0 156 19.3 20.7 

urI ( .0,) 1.8 39 )1I 
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Table 8. Water use efficiency of rice as influenced by soil moisture
 
regime (kg of grains/mm of water), May-September 1971.
 

Treatment Water use efficiency (kg/mm)
 

Saturated soil, no submergence 5.72
 

Submergence, 20 DAS 5.o4
 

Submergence, 35 DAS 7.62
 

Submergence, 55 DAS 13.87
 

Cyclic submergence 5.90
 

Rainfed (bunded) 7.89
 

LSD (.05) 5.0
 

J Pli th fiel 

Plate 3. Pan evaporimeter instalied in the field.
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The experimenL conducted at 
IRRI gave results similar to those 
obtained at IITA. In an experiment conducted during the 1968 wet 
season, IR-8 produced similar yield under rainfed and flooded paddies.
H-4, a tall variety, produced more yield under rainfed than under 
continually flooded conditions. There was a fairly high percentage of 
unfilled grains and a low g, n/s ,raw ratio iii lli-) under shallow and
 
deep continuous fl'ooding becaus of' sev.re--lod_,,iri. The unit grain
 
weight, however, was not affected by water muraagemerit treatments.
 

The most satisfactory regime in terms of grain yield was the 
intermediate continuous flooding. 
Water use ,fficiency, liters of
 
water required to produce I tin of grain, was Lighest when the soil was
 
kept at continual saturation. Drainage at maxrimum tiLlering and pan­
icle initiation reduced waLer use rather than increasinf grain yield. 

An increase in the depth of submeQr(,ence decrease d the ntunber of
 
plants/mL experiment at ls grew
in an conlducted Ild!I . 'Tlh pl tan taller
 
and the number of' tilers and the panicles per unit area was reduced,

though lodg.iirrg at harvest was much greater in the deep flooded 
 plots.
Mid-season drainage at the maximum tillering, panicle initiation, and
 
heading stages 
 reduced lodging, but increased weed population. 

General discussions
 

One of' the main advantages of' continuous submergence of rice is
 
the weed control, thoug]h there is a general belief that a small amount
 
of nitrogen fixation also occurs under continuous submergence (Watnabe,

1975). If weed control is not a serious problem and water control 
can
 
be provided to ensure a saturated prof'ile, then eontinuous submergence
is not only unneces;ary but cari al];o have ;ome, deleterious effects on 
grain yield. 

As shown in the literature review, the beneficial aspect of 
draining the rice field i: also a controversial issue. The advantages
of deferred submergence, however, are well documented and can be par­
tially attributed to a better ut:i ILl ion of' niLrogenous fertilizers. 
Fertili.zer losse can be par'ticuhar ]y sVInif'iear t for a sandy soil 
where leaching los:es of' iii irog,en are likely to be hijrh under saturat­
ed flow due to positLywe iydrtu].Ic head under' contLi.nuous submergence.
Nitrogen losses unde:r I'.id '0oMd.iti.ori at IPTA w!re obvious , because 
it was necessary to make a 'ru(luWt ipp LicUtion of' ferti-l.zer to meet 
the nitrogen dean~d. 'lbis can be one of the re asons For a significant 
increase in grain y/ield whtn i'looding was def'erred unt il 55 DAP. 
Similarly, the higher yi,,: Lus und(hr cyc:. 1esubiiergence, saturated soil 
with 1io subierger c,, :rd suuDergene, 35 l)AIP over that of continuous 
submergence.may he at tributed to aL (_I'f'.ic:nt, uti1lizat ion of applied 
fertilizer'. TM:;sis f'urthr evidlnced ,ll aria] yLis grainby e ol' the 
yield corriporient and straw yIcd under dif' lereni, soil rrroistLure regimes. 

http:iydrtu].Ic
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I. INFLUENCE OF WITIHIOLDING IRRIGATION 

ON GPO9V1Tr AND D)EVELOPNDh:,T OF RICE 

The majority of rice Arown in the world is rain fed. Without 
adequate fac:ilities for irrij;at:ion, even paddy rice suffers from water 
stress during dry periods. Most of the rice (upland) grown in West 
Africa suffers from frequent drouglhts. Rice yield is low under these 
conditions. The adverse et'sct ; of soil mois ture stress onirice are 
related to the functions of wa Lr within the plant. Water is nceded 
as: (1) a constituent to cMll protop]asm, (2) a reactant or reagent 
for chemical actions, (3) a solvent for organic and inorganic solutes
 
and gases and ()i) tor ,rovidi , m, c ianical strerng.th to plants. Only 
5 percent oi' the water absorbed i.sn eded for these vital processes
 
(Kramer, !96){)). Niiety-f'iva Ir e t o' the water absorbed is lost 
throuily the process of evaro-tra'jspiration. 

Alt ioug,_,ht .l.i terature i.s full of research done on various 
aspects or plant-wat(er r Lationships (Kramer 1959, 1969; Slatyer 1960, 
1962 ; Vaadia 1961_ ; Ienman 1)63; (a'dner 1965; Salter and Good 1967; 
Jacobs e al (Ed) .197h; Van KeuoLen, 1.975), little has been done on the 
practical aspects of the problem. The results available cannot be 
often generalized because of the insufficient information obtained on 
the physical environments in which experiments were conducted. For 
example, an experiment designed to investiate the effect of soil­
moisture stress in ncomplete i.1 .t does not include monitor.ing the 
relevant charac te: istics of so i., plant, and micro-climatic environments 
of its immediate vicini ty. The plant response to soil moisture regime 
is not only a function ot' the availability of soil moisture, but also 
of the physico-chermical properties of soil, climatic conditions, nature
 
of the leaf canopy anid stomata] structure, in addition to the treatments
 
imposed by the researcher.
 

The study of the influence of soil moisture stress on rice 
growth has attracted the attention of various researchers. It has been 
well known that drought stress depresses rice yield, particularly if 
it occurs during the flowerinK stage. There also exists a critical 
drought stress for optimum rice irowth. When the duration and the 
magnitude of stress exceeds this critical limit, only then d'cq there
 
occur a significant detrimental effect toward the economic components
 
of rice production. This "critical soil moisture potential", of
 
course, depends on various factors, including soil characteristics, 
genotype, and the evaporative demand of the atmosphere. It is, never­
theless, important to identi fy the critical levels of moisture stress 
for important cul.tiva's or ge notype. 

Bliatia arid Da ane (.1971 ) reported that soil ,ncisture tension 
of Q.1h atmosphere caused signif'icant yield reductions as compared with 
continuous sobmergence with i-8 cm of standing water. On the other 
hand, Draganov et al. (1971.) observed that continuous submergence was 

http:strerng.th
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not necessary, and that when rice was grown at 80 percent of the soil 
field capacity, the total plant weight on the 18th and 23rd day was 30 
and 50 percent higher respectively than when rice was grown at full 
field capacity. Much useful work along these lines has been reported 
by Ghildyal from India and other researchers elsewhere (Ghildyal, 1971; 
Krupp, 1971; Saha t al.. 1973; JIaphade and(hildyal, 197h; Sharma et 
al., 1975). lana and 1)!: lat.a (1971) also found that the optimum soil 
moisture condihI on,; 'nw hi jh yi.eld is: bet weern the maximum water hold­
ing capacity and the f' .d-r:o l mois ture c:acit,y. Similar results 
have been reported by KalVyuniktuLty eVta. (1970), Mane and Bastane 
(1971), and Mh.Iad. ard Nhildyal (1070t). 

'l':hre can i, various reasons for the yield depressions as a
 
result of drou h. :trae:; . Many r,:searc},ers have attributed yield
 
decrease to a r.ductinn in Lh, uptak: of :snt Lal nutrient elements
 
under the condition of' d,- t,nrIou lnv,:1.s ortdrought. For example, 
Pande and .n;hi (1970) observed that, th : rioncentrations of' H, P, Fe 
and Mn n wur, Lte hi IjUSl Iu01(1 r orLi u(o:; subme rgence compared 
with ohe ,:.td r, en t s. V-,'ran ,iwar t al. (1973a, b) reported 
from a ,t. with black that zero droughtl stress, 300 cm
'x:e.:,mq:nt. soil 

of' water suct ion n.nd 700 cm of water auct ion suppressed the uptake of 
P and K. Kaha t al. (1973) reporLd <reabtr ufLake of P, K, Zn, Fe 
and Mn urider submer, d con dit ion:s 1imilar.y :iaphade and Ghildyal.
(197h) atLribut ed yieLd rpeductiions5 urider drou< h t stress to a decreased 
ava]labil .1.lty of 1i, ',K and Fe. Oh rrue LI.r and Mikke lsen (197h) re­
ported that flooded plants absorbed mnor e ', he and 0.ithan non-flooded 
treatments under drought stres';tros, arid that, the hatter showed higher 
accuiriulation of' i:, 4rnani Zn. Sharmna (_I al. (1.975) also reported that 
flooding genera] y s::;ulted in highers uptake of' nutrients. 

The beneficial ,:f'f'ects of optimum moisture regime have also 
been attributed to superior leaf index area (Singh and Pande, 1974) 
over the plants which had been sub]ected to drought stress. Many 
researchers have attributed yield d"pressions by drought to its influ­
ence on the root system of rice plants ksee Chapter 10). Pradhan et 
al. (1973) reported that root porosity was higher under submergence, 
though root lenr;th increased with increasing moisture tension at 0-1000 
millibar suction. Sharma t al. (1975) Found higher CEC of the roots 
with saturated soil. corlditions than when Lhe soil was maintained at its 
field capacity. 

Because the actual consumptive water use of rice plant is not
 
more than other upland crops grown under similar soil and environmen­
tal conditions (Chap ter 2), various workers have attributed the bene­
ficial effects of' :;aturated ;oil conditions on rice to the anaerobic 
conditions in it:; roottigna medi a. Verade, Ietel and Stozy (1971) ob­
served a trendi towasni i lncreasinr Lt il.1er produtcL ioni rder low levels of' 
ae'ation, thouj W not have a ;i ril'i:arit ,ef'.fect on root.0;, leve l did 
porosity. However, the ni.oUoramut or water necessary per urit dry matter 
production was higher under lower 0 conditiois. Naphade arid Ghildyal 
(197h) reported that rice growth and yield were optimum -.n the semi­
aerobic conditions.
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Allthough the literature reviewed indicates some Factors affecting 
yield depressions due to drought stress, this does not point much toward 
the critical level of soil nioisture suction that can result in signifi­
cant yield reductionis. The results of experiments conducted at IITA and 
IBRI on soi moi:s];turp ;;Otres, and 'ro resooilse follow. 

At JITA, t,Lhe characteristies of the soil used in the greenhouse 
experimelits "w hoY P;inAj, .i djc.s I and P. The records o' daily eva­
poration and we;iflir records urdr the greenhouse conditions are shown 
in Appendices 3 arid A. Come result:s are also shown in Appendices 5-19. 

The cUmul at iv, :i mossiLre strs was computed For each of the 
unsubmerged trv! i y mo siriii uind er curve of a ofbivnt! area the plot 
daily mean t nsk,,ria re'.4i ri durinrii the growing period. The unit of 
this cumulallt, iv tOs :; frrid to:; cm-das. 

S':i miAs'is 
varieties m:out il' 1.P. grwLh paWr:IrTe evauated. The analysis of 
var~u!W1et a:, ,i' rat i, !'()r di'iffit' t rarameters is ';hown in Table 1. 

T},' ':'1'. rii'icWa ' of' moisture regimes and plant 

It is pauri 'r , ti, dtWa What Igrain and straw yield, unit weight of 
grains, number i r'in: per an i i, f. ilier count, floral sterility, 
nuanber of days of m .LIiitvy, rooft we: igt arid leaf' area are sinnificantly 
affected 1,y soil moi:uf r i:,,! r . varietal is. u' 'IiT: eff'ecf. also highly 

sii i'ican ifOr iii w.iitL of nrain :;,panicle lenthfli, s:raw yield, 
tiller coontL, rim,,. .,,t id wi it . 'lireh unit, graint weirht, root 
length and weirht , :f.'raw yi,.ld ard ptri le length are hiiher for OS6 
variety tLhn Lt., (' INO'() uf, ,r gteri,, lirise conditions. TP0, howevei, 
has a 1i "tir 1.iI ]-' ',i(uit Imlan 0', (.. The inter'actiori between water 
regime aid tih v' ,n''d, :in: s:riiieiwrwnt. only for tiller count and the 
number o' days to m:ari ty. 

ConsimnLi viwwa,,'' use. Th '.,otal .: wtcr required in a ricean"N ' 
crop as influenced by the soil moisture regime is shown in Figure 1. 
The evapo-Lranspiration dcreased ,:xponentially with increasing level 
of soil moisture :;treas. Phiere were s.ignificanrt varietal difference7 
in the evafot,rar i or 036 arid h level of soilr'ttioil fI underr the same 
molstufre sf. re:;s. Itecairsi 026 is a tal leafy variety, its evapo-trans­
piration was :;igifican tly more l ha.n that of 11120. 

Plant height. 1ant, height of TR20 and 026 under diff'erent soil 
moisture regim.: is shown in Table P. Although 0,6 is taller than IR20, 
the relat i ve de(crs;e inIOtt hei gh t with increasing level of soil 
moisture Atireas; was greater for IR'Q0 than that of 0S6. 026 maintained 
superior' iat iv t row h at all le-l of soil mo asture regives 
i nves tiat d. 

1,ea a-re arid t il Ior count . Btecgius_ tu bigger leaf area of 0S6 was 
partially compensated for by lower tillering capacity, its total leaf 
area was not significantly more than that of IR20 (Table 3). Total leaf 
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(1)
 

!,A 

Plate I. The central perforated irrigation tube
 

Plate 2. Irrigation was regulated by tensiometers
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Table 1. Analysis of variance table of F ratio.
 

Vari- Graxin Wt. of No. of Pani- Straw Tiller Floral Days Water Root Root Leaf 
able yield i000 grains/ cle yield count steri- to ma- require- length weight area 
Source grains panicle length lit- turity ment 

Water
 
*
regime 6.35** 4.20* 4.91** 2.74** 3.86** 7.20** 3.3L 6.71** 5-35** 2.93** 3.70** 16.4**
 

(W) 

Variety
 
(V) 5.04* 27.29** 2.38 13.01"* 20.00** 234.80** 2.o9 0.25 3.23 5-50** 2.5
20.019* 


WXV 1.03 1.34 0.24 1.20 1.24 3.2 0.55 3.CC" 0.76 1.05 0.76 0.62 
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Table 2. Influence of soil moisture regime on plant height.
 

Treatment 9/6 16/6 2h/6 30/6 7/7 14/7 
 21/7 28/7 h/8 11/8 18/8
 

(a) r[R20
 

Zero
 
suction 31.7 148.0 59.3 7h4.0 90.0 
 9)1.7 99.3 1100.0 103.3 103.0 105.0
 

250 cm
 
suction 31.3 hl1.7 55.3 614.0 71.0 77.0 77.3 80.7 81.7 85.0 
 85.0
 

500 cm
 
suction 35.7 147.3 
 59.7 63.0 65.7 67.3 69.0 70.7 71.3 72.3 74.3
 

750 cm
 
suction 314.0 47.0 61.o 63.0 6.5 614.5 61.5 6.5 614.5 68.5 70.0 

Submerg­
ence 20 55.0 92.3
33.3 42.0 65.7 80.3 98.0 101.7 103.3 LO4.O 106.0
 

DAS
 

Submerg. 
35 DAS 32.7 43.0 52.7 61.o 72.7 82.0 
 82.7 90.3 91.7 914.3 101.7
 

Submergr.
 
55 DA 30.7 39.0 50.0 56.7 63.3 
67.0 71.7 86.7 93.0 96.7 98.3
 

Irriga­
tion at 31.3 36.3 )18.7 53.0 57.7 58.0 59.3 61.0 62.7 64.3 64.7
 
leaf rolling
 

(b) os6
 

Zero
 
suction 51.0 66.7 85.0 
97.0 112.3 11-9.0 130.3 137.0 141.0 148.0 167.3
 

250cm " 51.0 67.3 86.0 93.( 100.0 118.3 
.28.3 1-37.3 1143.0 146.7 152.0
 

500cm " ;47.5 65.5 81.0 81.5 
 96.0 104.0 119.0 119.5 125.0 128.5 1314.0
 

750cm " 51.( 69.0 85.7 90.0 95.7 
 97.3 102.0 108.7 184 L26-7 133.3
 

Submerg.

20 DAS 50.7 66.7 84.7 98.0 117.3 139.3 147.0 153.3 158.7 
 7h.3 2014.7
 

Submerg.
 
35 DAS MS.o 64.3 80.0 93.0 10), .7 123.3 1.30.0 136.3 1145.3 16.3 187.7
 

Submerg.
 
55 DAS 54.0 65.7 79.7 90.7 L05.3 109.7 1214.3 136.7 119.0 L57.0 167.0
 

Irrig.
 
at leaf 51.3 65.0 78.7 81.7 
 88.7 87.3 102.3 106.0 107.0 08.7 109.0
 
rolling
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Table 3. Maximum tiller count and leaf area affected by soil moisture
 
regime. 

Soil moisture regime 
Tiller count/plant 

__________________________ 
Leaf area, cm2/plant 

IR20 0s6 IR20 os6 

Submergence 20 DAS 28 16 3000 3852 

Submergence 35 DAS 30 15 1535 2277 

Submergence 55 DAS 28 10 1233 1199 

Zero suction 39 16 3137 3648 

250 cm suction 29 10 2224 1951 

500 cm suction 26 10 1569 1643 

750 cm suction 25 10 986 1292 

Irrigation at leaf rolling 20 7 972 672 

LSD (.05) 6 6 1005 1005 
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area and tiller count, however, was significantly decreased by soil
 

moisture stress in both varieties.
 

Dry matter production at various stages of growth. Similar to the field 
experiments reported in Chapter 3, the highest dry matter production was 
observed in treatment with siubmergence From 20 DAS (Table hi,Figs. 2 and 

3). It was, iowever, the treatment with submergence 35 DAS that produced 

the maximum dry matter from panicle initiation s t,age onward. There is 
also a sharp decline ir the rrowtLh rate for the 500 and 750 cm of water 
suction treatments even in the growti i Lap. u efectinit ial t:h 'The of' 
accumulative moisture stress on dry matter production Or zero suction 
and for the treatmenits with submergence from 35 and 55 DAS is shown in 
Figures 2 and 3 for I[20 and OS, respectively. 06 has a significantly 
higher rate of dry matter productiori than 1H20. The effect of delayed 
submergence such as 35 DAB on enhanced rate of dry matter production is 
obvious about three weeks after imosilg Lh treatment. Even though 
there was a signi:ficant increase in the rate of dry matter produced for 
submergence from 35 DAS after the soil was submerged, this rate was 
significantly .ober than that of the other two flooded treatments. 

Root development. Whereas the root length of 1R20 was significantly de­
creased by soil moisture stress, that of OS6 was relatively unaffected 
(Fig. h). 

The sensitivity of root length of IR20 to even a slight drought 
stress is indicated by the sharp decliie in its length as moisture stress 
increased From 0 to 750 cm-days. The initial decline is then followed 
by a plateau in the curve up to a so:il moisture stress of 6 x 103 cm-days 
after which there is again a decline in the curve. Drought stress, how­
ever, significantly decreased the total root weight for both IR20 and OS6 
even in the initial stages of growth (Table 5). The lowest root weight 
was obtained for the highest degree of soil drought stress such as irri­
gation at initial leaf curling. For the drought stress levels exceeding 
that of 250 cm of water suction, 06 produced about twice as much root 
mass as IR20. At low stress or with delayed flooding the root weight of 
0S6 was more by 25-40 percent. 

Grain aad straw yield. Influence of soil moisture regime on grain yield 
of IR20 and OS is shown in Figure 5 and Table 5. The highest yield, 

similar to the field experiment reported in Chapter 3, was obtained when 
submergence was delayed. There was no significant difference in grain 
yield between the saturated soil with no submergence and the treatment 
involving submergence From 20 DAS. There occurs a sharp decline in 
yield as the moisture potential decreases from 0 to 250 cm of water 
suction. Under the green house condi tions, 056 significantly outyielded 
IR20 for all the soil mois ture regi me invstigated. The effect of 
cumnulative soil moisture stre's on the grain yield of 1H20 and 0S6 is 
shown in Figure 6. There is a del'irLite increase in grain yield with a 
slight increase in moisture stress, Followed by an exponential decrease 
in yield with increasing soil moisture stress. The maxima in the yield 
response curve occur at a cumulative moisture stress of about 250 cm-days. 
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Table 4. Effect of soil moisture regime on dry matter produced (above ground parts only) at various
 
stages of growth (g/plant). 

Water regime 
29 June 1971 10 July 1971 2 Aug. 1971 30 Aug. i,± 30 Oct. 1971 

IR20 os6 !R20 os6 IR20 os6 IR20 S6 IR20 0s6 

Zero suction 2.54 5.75 13.52 20.96 38.43 L9 .36 123.60 136.50 403.90 604.90 

250 cm suction 1.96 5.67 13.06 16.86 31.53 40.94 89.00 122.50 176.00 358.60 

500 cm suction 1.64 4.31 6.91 11.13 21.08 27.79 58.50 80.50 121.00 271.30 

750 cm suction 1.30 3.78 4.77 7.83 8.97 13.68 19.20 31.00 105.70 232.20 

Flooding 20 DAS 3.18 6.10 13.17 25.70 45.32 49.70 185.50 197.50 389.00 604.30 

Flooding 35 DAS 1.76 3.36 9.07 13.32 44.05 50.57 208.00 228.50 442.40 626.50 

Flooding 55 DAS 1.76 1.76 8.29 7.44 37.09 28.01 126.50 128.90 290.00 535.50 

Irrigated at wilting 2.60 1.99 5.35 7.13 10.72 12.39 23.00 36.50 88.00 147.10 

Mean 2.09 3.71 9.26 12.54 29.65 34.05 91.67 120.11 239.50 422.52 

LSD (.05) 1.19 4.34 9.39 51.46 141.18 
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Table 5. Influence of soil moisture regimes on grain yield of IR20 and
 
oS6 (Greenhouse, 1971). 

Moisture retyime Variety Grain yield (g/pot) 

Submergence 20 DAS OS6 260.7 a 

Zero suction 0S6 248.6 a 

Submergence 35 DAS OS6 223.3 a 

Submergence 35 DAS IR20 209.7 a b c 

Submergence 55 DAS 0s6 248.2 a b c 

Submergence 20 DAS IR20 188.0 a b c 

Zero siction IR20 17 .8 a b c d 

Submergence 55 DAS IR20 154.4 a b c d e 

250 cm suction 0S6 95.0 b c d e f 

250 cm suction IR20 88.8 c d e f 

750 cm suction OS6 57.6 d e f 

500 cm suction 0S6 56.( d e f 

500 cm suction IR20 26.7 e f 

750 cm suction IR20 24.3 e f 

Irrigation at leaf rolling OS6 19.3 f 

Irrigation at leaf rolling IR20 16.7 f 
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The straw yield was affected in a manner similar to that of the
 
grain yield (Fig. 7). The maximum straw yield was obtained for submerg­
ence from 35 DAS, though there were no significant differences in straw
 
yield among treatments involving saturated soil and submergence at diff­
erent growth stages. Straw yield for OS6 was also significantly higher
 
than that of IR20 for all the moisture regimes.
 

The regression equations of grain yield with other parameters are
 
shown in Tables 6, 7 and 8. The grain yield, as could be expected, is
 
most significantly correlated with total consumptive water use. Grain
 
yield per cm of water use is shown in Table 9.
 

Nutrient uptake. Leaf and stem samples, collected at the panicle initia­
tion stage and analyzed for P, K, Ca, Mg, Zn, Cu, Fe, and Mn, showed a
 
significant decrease only in P concentration for both varieties. The P
 
concentration decreased from 44 percent to 25 percent for IR20 and
 
from 35 percent to 22 percent for 0S6 as the soil moisture stress was
 
increased from soil saturatior) to wilting. It is possible that N up­
take was also affected, but the samples were not anal zed for N content.
 
The leaf and stem concentration of other elements analyzed was not
 
affected by soil moisture regime (Tables 10, 11, 12, 13).
 

Lodging. There were significant differences in lodging due to both
 
variety and water regime. Generally 0S6 lodged more than IR20. Flooded
 
treatments of 0S6 lodged earlier than IR20, though both lodged equally
 
at maturity. Treatments with flooding 20 and 35 DAS were given support
 
and there was some lodging for floouirng 55 DAS. There was no lodging
 
for the other treatments. Iigh temperatures in the greenhouse probably
 
contributed to premature lodgiag of both varieties. Lodging was related
 

Table 6. Regression equations of yield with other parameters. (These
 
equations apply to the combined data of both IR20 and 0S6).
 

Parameter r Regression equation
 

Water use 0.93 y = 1.30 x -13.23
 

Panicle length 0.83 y = 21.3 x -377.3
 

Grains Fer panicle 0.84 y = 1.81 x -70.6
 

Unit grain weight 0.62 Y = 5.89 x +10.33
 

Straw weight 0.85 y = 0.78 x -26.78
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Table 7. Regression equation relating grain yield with other parameters. 

Dependent Independent
 
variable variable r Regression equation
 

Grain yieJd 	 Unit grain weight 0.62** y = 10.33 + 5.89x 

Panicle length 0.83** y = 377.3 + 2.36x 

Grains/panicle 0.8)l** y = -70.6 + 1.81x 

Floral sterility -0.55** y = 178.2 -- 3.09x 

Straw yield 0.85** y = -26.8 + 0.78x 

Days to maturity -0.67** y = 851.8 - 5.3x 

Root length 0.63** y = 173.9 + 9.Ox 

Root axis 0.58** y = -93.7 + 23.9x
 

8 6
Root perimeter 0.6h** y =-107.3 + . x 

Root weight 0.h5** y = 52.)1 + 3.lx 

Shoot length 0.7)1** y = -53.1 + 1.39x 

Live shoot weight 0.87** y = -20.2 + 0.92x
 

Dead rhoot weight 0.40* Y = 74.8 + 1.39x 

Leaf area 0.65* -

Tiller 	 0.099
 

Grain yield (g/pot) = -38.8 + 0.00211 LA - 0.65 T + 1.29 ET 

LA = Leaf area cm2/plant (
 

T = Tiller count/plant
 

ET = Total water
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Table 8. Simple correlation coefficient and regression equations of
 
yield and yield components with water use.
 

Dependent Independent
 
variable variable r 
 Regression equation
 

Grain yield Water use 20-35 days 0.78** y = 69.7 + 9.5 ET
 

Grain yield Water use 20-55 days 0.89** y = 12.7 + 4.85 ET
 

Grain yield Water use 20-70 days 0.90** y = 6.8 + 3.12 ET
 

Grain yield Water use 20-180 days 0.93** y =-13.2 + 1.3 ET
 

Floral sterility Water use 20-35 days -0.39** y = 21.A4 - 0.85 ET
 
(%) 

Floral sterility Water use 20-55 days -0.52** y = 28.2 - 0.51 ET
 
(%) 

Floral sterility Water use 20-70 days -0.55 T y = 29.5 0.34 ET
-

(/0)

Floral sterility Water usQ 20-180 days -0.58** y = 31.7 - 0.14 ET

(%) 

Floral sterility (0)= 37.2 + d 1.69 (ET2o-35 ) + 0.75 (ET
20 _55 )
 

- 1.17 (Qr20_ O ) - 3.22 (ET20180), R2 = 0.65 
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Table 9. Grain yield/cm of water used as 

regime.
 

Soil moisture regime 


Submergence 35 DAS 


Submergence 55 DAS 


Zero suction 


Submergence 20 DAS 


Submergence 55 DAS 


250 cm suction 


Submergence 35 DAS 


750 cm suction 


Submergence 20 DAS 


250 cm suction 


Zero suction 


500 cm suction 


Irrigation at leaf rolling 


500 cm suction 


750 cm suction 


Irrigation at leaf rolling 


LSD (.05) 


Variety 


OS6 


0S6 


0S6 


0S6 


IR20 


0s6 


IR20 


0S6 


IR20 


IR20 


IR20 


0S6 


IR20 


IR20 


IR20 


0S6 


influenced by soil moisture
 

Grain yield/cm water (g)
 

1.39
 

1.38
 

1.32
 

1.29
 

1.23
 

1.19
 

1.17
 

1.13
 

1.13
 

1.09
 

1.03
 

0.96
 

0.88
 

0.79
 

0.65
 

0.63
 

0.119
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Table 10. Influence of soil moisture regime on tissue analysis (%) sampled on 2/8/1971.
 

(a) IR20 

Treat P Fe K Na Mg Ca Mn Zn 
-ment S L S L S L S L S L S L S L S L 

20DAS 0.39 0.29 0.04 0.02 2.77 1.80 0.34 0.17 0.06 0.06 0.09 0.31 0.04 0.02 0.007 0.002 
35DAS 0.41 0.32 0.03 0.01 2.88 3.00 0.50 0.17 0.06 0.06 .08 0.64 0.02 0.02 0.006 0.002 

55DAS 0.59 0.39 0.02 0.C1 2.70 1.65 0.24 0.17 0.06 0.06 0.09 0.27 0.04 0.02 0.008 0.003 

Zero 0.44 0.23 0.02 0.01 2.77 1.52 0.27 0.19 0.06 0.06 0.11 0.25 0.02 0.01 0.006 0.002 

a 250cm 
0 

0.48 0.34 0.02 0.02 2.70 2.20 0.26 0.15 0.06 0.06 0.33 0.02 0.02 0.02 0.008 0.004 

C 500cm 0.31 0.23 0.C1 0.01 2.10 2.10 0.31 0.20 0.06 0.06 0.10 0.33 0.02 0.030 0.010 0.005 

1750cm 0.39 0.25 0.02 0.03 2.70 1.35 0.26 0.14 0.06 0.06 0.08 0.21 0.02 0.020 0.010 0.004 

Leaf 
rolling 0.36 0.49 0.02 0.03 1.75 2.88 0.15 0.19 0.06 0.06 0.08 0.26 0.03 0.03 0.009 0.002 

S - stem 

L - leaves 
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Table I. Influence of soil moisture regime on tissue analysis (') sampied on 2/8/1971.
 

(b) OS6 

P Fe K a ',Ig Ca Mn Zn 
Treat 
-ment S L S L S L S L S L S L S L S L 

20DAS 0.28 0.31 0.02 0.02 .00 1.75 0.37 0.22 0.06 0.06 0.04 0.22 0.02 0.02 0.004 0.o4 

-35DAS 0 L4 0.34 0.0, 0.02 2.86 2.20 0.57 0.17 0.06 0.06 0.03 0.18 0.04 0.03 0.006 0.003 

2 55> 0.53 0.35 0.02 0.02 2.99 2.40 0.36 0.19 0.06 0.06 0.05 0.23 0.04 0.04 0.010o.oo4 

Zerc 0.19 0.21 0.02 0.02 2.70 2.00 0.22 0.17 0.06 0.06 0.07 0.37 0.02 0.02 0.008 0.004 

0250cm 0.28 0.22 0.01 0.02 3.00 2.20 0.26 0.24 0.06 0.06 0.07 0.27 0.03 0.04 0.009 0.004 
u 50O0cm 0.31 0.25 0.01 0.02 2.35 2.25 0.22 0.20 0.06 0.06 0.07 0.31 0.03 0.03 0.008 0.004 

750cm 0.28 0.22 0.01 0.01 2.77 2.00 0.24 0.19 0.06 0.06 0.08 0.23 0.03 0.03 0.009 0.004 

Leaf 
rolling 0.34 0.31 0.03 0.03 2.77 1.70 0.44 0.20 0.06 0.06 0.02 0.23 0.05 0.04 0.008 0.004 

S - stem 

L - leaves 
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Table 12. 
 Influence of soil moisture regime on tissue analysis (%) sampled on 30/8/1971. (a) IR20
 

Treat P Fe K Na 
 Mg Ca Mn 
 Zn
 
-ment
 

S L S L S L S L S L 
 S L S L S L 

2ODAS 0.49 0.36 0.06 0.04 2.25 2.56 0.68 0.12 0.06 o.o6 o.08 o.64 0.03 0.03 0.00 0.003 

35DAS 0.39 0.36 0.03 0.04 1.20 2.00 0.73 0.17 0.06 0.06 0.02 0.47 0.04 0.02 0.002 o.o4 

55DAS 0.20 0.32 0.05 0.03 1.80 1.55 0.50 0.17 o.o6 0.06 0.15 0.49 o.o4 0.02 0.007 0.002
 

Zero 0.32 0.32 0.03 0.03 2.40 1.80 0.24 0.14 0.06 0.06 0.13 0.65 
0.02 0.06 0.005 0.002
 

250cm 0.26 0.23 0.03 0.03 2.56 2.15 0.19 0.17 0.06 
 0.06 0.15 0.45 0.02
-3 0.02 0.010 0.003 

u 500cm 0.39 0.32 0.03 0.03 2.56 1.85 0.20 0.14 0.06 0.06 0.16 0.49 0.03 0.03 0.008 0.003
 

750cm 0.39 0.32 0.04 0.04 2.15 2.04 0.27 0.19 
0.06 0.06 0.20 0.55 
 0.04 0.06 0.007 0.004
 

Leaf
 
rolling 0.36 0.47 0.04 0.05 2.56 2.10 0.24 
 0.14 0.06 0.06 0.18 
 0.37 0.01 0.03 0.008 0.005
 

S - stem
 

L - leaves
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Table 13. 
 Influence of soil moisture regime on tissue analysis (%) sampled on 30/8/1971. (b) os6
 

j 
Treat P Fe K Na Mg Ca .1n Zn 
-ment 

S L S L S L S L S L S L S L S L 

20DAS 0.21 0.25 0.02 0.04 1.12 0.65 0.67 0.27 0.06 0.06 0 02 0.30 
0.01 0.03 0.0015 0.002
 

35DAS 0.39 0.24 0.02 o.o4
 

55DAS 0.36 0.36 0.03 0.04 2.10 1.85 0.52 0.17 0.06 0.06 0.06 0.35 0.03 0.06 
 o.oo4 o.oo4
 

Zero 0.26 0.29 0.03 O.0L 
 3.00 2.10 0.20 0.19 0.06 0.06 0.11 0.43 0.05 0.03 0.009 0.005
 

250cm 0.21 0.18 0.03 0.03 1.70 1.40 0.17 0.24 0.06 0.06 0.14 0.38 0.02 0.02 0.004 0.004 
-, 

: 500cm 0.22 0.22 0.04 0.04 1.85 2.40 0.17 0.22 0.06 0.06 0.07 0.66 0.05 0.02 0.010 0.003 

750cm 0.28 0.23 0.02 0.04 2.56 2.10 0.20 0.15 0.06 0.06 0.15 0.50 0.03 0.01 0.008 0.004 

Leaf
 
rolling 0.16 0.26 0.03 0.05 1.30 0.45 0.37 0.26 0.06 0.06 0.03 
 0.32 0.01 0.04 0.002 0.003
 

S - stem
 

L - leaves
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to root growth, which was different for different varieties and was affected
 
by soil moisture stress. A statistical analysis of various growth para­
meters is shown in Appendices 6 through 19 and Table 14.
 

General Conclusions
 

There is a critical drought stress in terms of both magnitude and
 
duration, beyond which the grain yield declines significantly. This
 
critical level is different for different live varieti(_s and has to be
 
experimentally dutermined for each genotype. Depending; on the soil type,
 
moisture stress of 200 to 250 cm-days or 50 cb and above can seriously
 
reduce grain yield. Some varieties are sensitive to soil mois+ure stress
 
at any stage of their growth. Therefore, each variety or selection should
 
be evaluated separately for its tolerance to moisture stress. Any gener­
alization in varietal tolerance to moisture stress according to plant type
 
and growth characteristics should be avoided until more is known about
 
physiological characteristics and morphological traits associated with
 
drought tolerance in rice varieties.
 

Table 14. Effect of soil moisture regime on root weight at various stages
 
of growth (g/plant)
 

2 August 1971 30 August 1971 30 October 1971 
Treatment 

IR20 0s6 IR20 0S6 IR20 0S6 

Zero suction 6.70 7.86 12.50 15.60 31.01 41.50
 

250 cm suction 5.40 3.72 10.50 12.50 7.75 15.00
 

500 cm suction 3.511 3.01 10.30 12.00 7.00 13.33
 

750 cm suction 0.47 
 0.94 7.00 8.00 6.70 13.31
 

Submergence 20 DAS 7.04 8.24 11.00 14.60 25.67 45.60
 

Submergence 35 DAS 8.514 8.76 10.00 12.00 29.60 46.70
 

Submergence 55 DAS 8.08 7.89 9.00 12.00 22.00 28.30
 

Cyclic submergence 1.11 0.49 6.00 8.00 5.70 10.40
 

Mean 5.12 5.11 9.53 1.1.83 16.80 26.76
 

L.S.D. (.05) 2.141 1.98 10.65
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5. EFFECTS OF SOIL MOISTURE STRESS AT DIFFERENT GROWTH STAGES
 

The physiological effects of soil moisture stress on rice yield are
 
not yet established. 
 Drought stress has been shown to decrease photosyn­
thesis and respiration and increase the ratio of respiration to photosyn­
thesis. Decrease in photosynthesis is attributed primarily to closure 
of the stoma during water stress. Ralley and Adair (1913) observed that 
rice grown under continually submerged conditions was vigorous with more
 
tillers, and produced more 
grain and straw yield than that Crown under
 
drought stress. Senewiratne and Mikkelsen (1961) reported from studies
 
conducted in California that grain yield was 
53 percent lower under
 
non-flooded compared with unstressed conditions. 
Tissue dehydration has

been reported to be the cause of decreased vigror and growth (Jana and 
Ghildyal, 1967). 

The concept of "critical" stage of growth has been put forward by
many authors (Salter and Goode, 1967; Chang, 1968). It is believed that
 
the effect.: of' moLhture stress are more pronounced at some growth stages

than others. Salter and Goode (J.967) and Slatyer 
 (1969) concluded that
 
cereals are more sensitive to moisture stress 
at "lowering, and can
 
recover from mild or relatively brief periods of moisture stress if
 
favourable coiditions can be quickly restored. Matushima (1962) found
 
that rice is most sensitive to water stress 
from 20 lays before to 10
 
days after heading.
 

Knowing critical stage of crop growth can help plan management

operations to avoid or minimize tho stress. 
 However, greater attention
 
should be directed to plant's response after the plant has undergone
 
stress (Laude, 1971).
 

The influence of soil moisture stress 
on IR-20 was investigated at

IITA from November 1971 to March 1972 using field lysimeters. The
 
treatments consisted of (i) submergence 20 days after seeding (DAS) and 
a suction of 100 cm before,(ii) submergence 35 DAS, (iii) submergence

55 DAS, (iv) zero suction at 15 cm depth,(v) 50 cm suction at 15 cm depth,
and (vi) 100 cm suction at 15 cm depth. Methodology is shown in Appendix 
5, and the results are presented below:
 

Plant height. 
 Since the moisture treatments were imposed 20 DAS, there 
were no significant differences in plant height until 50 DAS (Table 1).
Thenceforth, plant height followed a trend depending on soil moisture
regimes. In general, the submerged plants had vigorous vegetative growth
and more hei!Jht than the uunsubmerged plants. This trend in plant height
was consistent throughout the growth period. At maturity, there were no 
significant differences plant height 3in amnongst submerged treatments.
Similarly, the plant height of the unsubmerged treatments was not different 
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Table 1. Influence of soil moisture stress height Lon (cm)
at different growth stages (November 1971 
- March 1972).
 

-- - Plant height at different rowLth stages (DAS) 
Treatment 24 31 39 46 60 Final53 67 74 81 88 height 

Submergence 20 DAS 34 49 51 53 6661 72 82 91 104 97 
Submergence 3 DA, 32 42 43 h6 56 6863 83 94 101 95 
Submergence 55 DAS 33 4443 44 h6 54 68 85 88 97 97 
Zero (uctioncm 33 13 46at 15 44 417 55 63 71 76 81 8h 
50 cm suction at 15 cm 34 42 43 44 h6 50 58 66 71 82 85 
100 cm suction at 15 cm 30 42 4343 46 52 55 66 69 76 81 

LID (.05) 4.6 8.0 7.4 7.2 6.3 9.1 9.5 10.6 11.8 8.6 7.2 

"F" ratio 
 0.8 1.2 1.8 2.3 
 7.7** 4.4* 6.1**4.2* 7.5** 17.2m-* 9.1** 

/1 Each figure is an 
average of 12 plants per treatment.
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Table 2. Dry matter Produced (g/plant) at different growth stages. 

Dry matter at different days after planting 
Treatment 

20 35 55 70 9o 

Submergence 20 DAS 0.4Wi 1.80 8.16 10.08 13.28 

Submergence 35 DAS o.64 1.52 9.20 10.24 21.68 

Submergence 55 DAS 0.52 1.08 6.76 8.56 12.40 

Zero suction 0.36 1.52 6.92 8.12 16.00 

50-cm suction 0.48 1.28 6.96 8.68 12.16 

100-cm suction o.48 0.88 5.96 7.32 11.00 

LSD (.05) 0.08 0.92 1.68 2.52 8.20 

"F" ratio 1.60 1.74 4.15* 1.72 2.00 
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from one another, though the least height was measured for the plants

subjected to the highest level of soil moisture stress. 
 There were

significant differences plant heightin of the submerged plants from

those of the unsubmerged one, the former being taller by 10 
 to 15 cm
compared with the latter. The plants under submerged conditions are
 
taller perhaps because of the longer culm length.
 

Tiller count. 
 Although the plant height was significantly affected by

moisture stress, the tillering behavior was not. The numbers of
2
tillers/m were not statistically different amongst various moisture
 
regimes at any stage of crop growth. 
 In fact, an analysis of the data

reveals that the stressed treatments had consistently more tiller count
 
than the submerged lysimeters (Table 2). Lower tiller count per unit
 area was observed for the treatment with submergence from 20 DAS. Similar
 
results have been reported by other workers (Cralley and Adair, 19143;
Yamada and Ota, 1957; Maurya and Ghildyal, 1975). Even though the

number of tillers is larger with a slight stress, the number of actually

productive tillers may be less. 
 Most of the tillers produced under
 
adequate soil moisture levels are productive, whereas several tillers in

stressed conditions are barren. 
Similar results have been reported by

Have (1959), Chaudhry and McLean (1963).
 

Dry matter production. 
 Changes in the dry weight of shoot at different
 
growth stages as affected by soil moisture regime are shown in Table 3.
 
Dry matter was geaerally lower for the unsubmerged compared with the
 
submerged treatments as from about 35 DAS. 
 The dry matter production of
shoots progressively increased with the decrease in moisture suction
 
and with earlier submergence.
 

The decrease at 90 DAS in the stressed treatments was 24
 
and 31 percent respectively for 50 
cm and 100 cm of water suction
 
compared with that of zero-suction treatment. 
The dry matter production

with zero-suction treatment at 90 DAS was more 
than that of continuous
 
submergence from 20 DAS.
 

Yield and yield components. 
 Grain yield and yield components affected
 
by soil moisture regime are shown in Table h4. Although yield declined
 
with increase in moisture stress, and with longer delay in submergence,

the total yield was not statistically significant amongst various
 
moisture regimes. Grain yield was suppressed by 3.6 and 13.1) percent

respectively in 50 cm and 100 em oF water suction compared with zero
suction treatment. Similarly the relative decrease in yield as compared
with submergence from 20 DAS was only 11.2, 5.7, and 12.6 percent

respectively for zero suction, submergence 35 DAS, and submergence 55
DAS. If the moisture suction prior to submergence was kept near zero
(saturated soil), treatments with submergence 35 and 55 DAB may have 
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Table 3. Influence of soil moisture reCime on tiller count (number/m2 )
 
at different growth stages (November 1971 - March 1972). 

Tiller count at diff'urcnt growth stages (DAS) 
Treatment 

25 32 40 47 54 61 68 75 82 89 

Submergence 20 DAS 1433 1750 ]683 1940 2 50 2320 P373 2397 2417 2443 

Submergence 35 DAS 1786 1987 2053 2103 2257 2333 2397 2397 2440 2490 

Submergence 55 DAS 2270 2417 2583 2580 2743 2953 3010 3017 3037 3040 

Zero suction at 15 cm 1880 2320 2420 2497 2737 2933 2963 2980 2987 2990 

50-cm suction 1870 2127 2200 2310 2783 2957 2980 2997 3000 2993 

100-cm suction 1700 2357 2380 2540 28 0 2903 2953 2963 2953 2950 

LSD (.05) 217 )485 61P 630 675 OP2 865 822 820 781 

"F" ratio 1.)4)4 1.27 1.54 1.55 i.47 1.78 1.21 1.23 1.11 1.06 
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Table 4. Influence of soil moisture regime on grain yield and 
yield components. (November 1971 - Ma-ch 1972).
 

Grain Panicle Numlber of' Empty Weight or Empty grains
Treatment yield length grains pr grains 1000 grains per panicle. 

T/Ha (cm) paticls (%) (%) 

Submergence 20 DAS 5.32 22.62 119 9.32 16.1AO 11 

Submergence 35 AS 5.02 22.31 1Ot 9.35 15.83 12 

Submergence 55 DAS h.65 22.9 i146 12.68 1)4.07 18 

Zero suction 5.10 22.4i2 131 11.71 15.97 16 

50-cm suction 4.92 211.28 137 8.78 16.20 12 

100-cm suction 4.12 22.21 113 9.A45 16.70 11 

LSD (.05) 0.87 n.s 33 )1.26 1.52 6 

"F" ratio 1.23 n.s i.13 1.22 3.36* 1.63 
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outyielded the one with submergence from 20 DAS (See Chapter 4). It
 
is interesting to observe that soil moisture regime treatments imposed

did not signifiantly influence grain yield in this experiment.
 

Panicle length and floral sterility were also sigrnificantly
different amongst various treatments inves;tipat:'d. The y'eld differences 
amongst various treatrrents are attributed to differences in the number 
of full grains per panicle. The maximum number of j'ra is per panicle 
was obtained in the treatment with submergence From 20 DAN, , and the 
lowest in case of stressed treatment with 100 em of moisture suction 
maintained at 15-cm depth. The unit Frain weight was nut affected by

soil moisture treatments.
 

Consumptive water use. The influence of' soil mois ture regtime on 
consumptive water use (or more appropriLttely, the amrount of water required
to maintain the des;ired soil moisture ryeqimne) was sirnificantly influenced 
by moisture treatments imposed. In general, the hiqhest amount of water
 
consumed was recorded for the submerired treatment. The earlier the
 
submergence imposed, the more was the water requirement (Table 5). The
 
least amounit of water was used in three stressed treatments . Similar 
results have been reported by Ghildyal (1971). 

The moisture suction records were obtained in the stressed lysimeters.
The low-lying paddy remained at 100 150 cm ofto water suction throughott
the growing period. It is apparent that economical level of rice yield 
can be obtained from the valley bottom soil without supplemental 
irrigation even durigq the dry s.eason (Moormann, 1975). 

Water use efficiency. Water use efficiency of rice, expressed as kg of 
grains/ha/m of water added, as influenced by soil moisture regimes is 
shown in Table 6. Water use efficiency was the highest in case of 
stressed treatments and the lowest under submerged conditions. 

However, if similar exer'men ts were conducted under upland soils,
the results would have been diffmerrt. These results support the 
findingrs of' Moormann and cot.leagues, and streng then thn belief that in 
West Africa valley bottom soil:; shotdd be d]evelopod for rice production. 
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Table 5. Amount of water added/lysimeter to maintain the desired
 
moisture regime at various growth stages (cm). 

Treatment 70 DAS3 90 IDAS Maturity 

Submergence 20 DAS 22.3 33.1 52.2 

Submergence 35 DAS 16.5 32.0 51.1 

Submergence 55 DAS i0.6 26.8 )17.5 

Zero suction 9.0 18.7 32.6 

50-cm suction 7.2 15.6 29.9 

100-cm suction 0.1 2.6 6.8 

LSD (.05) 6.55 9.28 13.o4 

"F" ratio i1.80** 13.1l0** 18.4o** 

DAS Days After Seeding 
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Table 6. Water use efficiency as influenced by soil moisture
 
regime (kg grain/Ha/mm of water added).
 

Treatment Water use efficiency
 

Submergence 20 DAS 
 10.2
 

Submergence 35 DAS 
 9.8
 

Submergence 55 DAS 
 9.9
 

Zero suction 
 19.6
 

50-cm suction 
 18.6
 

100-cm suction 
 71.9
 

LSD (.05) 13.1*
 

"F" ratio 
 13.1*
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General conclos ions.
 

1. 
 There are significant varietal differences toward response of
moisture stress to grain yield at different stages of growth.
 

2. The results obtained at IITA indicate that rice production invalley bottom soils, conditions similar to those of the experimental
sites, can be economical even without supplementary irrigation but 
with 
adequate water control.
 

3. If during the initial stages the soil moisture stress is not severe,it may have some beneficial effects. The plants have a "hardening"effect if a slifght drought stress occurs in the initial periods of cropgrowth. For example, field studies at IITA indicated no significantdifferences in grain yield anong,,st treatments that involved continuoussubmergence from 90 DA, or submergence from 55 DAS. 

4. The critical soil moisture stress beyond which the yield of ricedeclines is a varietal characteristic, ind needs to be investigated in
 
detail.
 

5. The consumptive water use is affected by the water management
 
system adopted.
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6. CRITICAL SOIL MOISTURE STRESS 

Review presented in Chapter 5 indicated that for most varieties,
 
drought stress at any growth stage can adversely affect rice growth and
 
yield. But a low level of soil moisture stress imposed in the initial
 
growth stages can also have some beneficial e 2Pects. It implies 
therefore, that there may be a "critical soil moisture potential" for 
optimum rice growth. If the soil moisture stress exceeds this critical 
range, thcn yield can be s ignificanitly reduced. Thi; critical range 
of soil moisture potenti al may be rather narrow and variety specific.
This concept of delineating the ranje of "critical soil moisture 
potential" may be an important tspect in developing varietal screening 
technique for drought tolerance. 

Sen and Gupta (4970) reported optimum yield when soil was kept 
saturated untul pre-tillering ntea and then followed by shallow 
submergence at ti].lering and re-saturation but no submergence at flowering. 
Place et al (1971) for'nd that submergence from 12 days after emergence 
was necessary for sustained high yields. Jana and Ghildyal (1971, 1972) 
observed that floouling throughout the growth was not necessary for high 
yields, particularly when evaporative demand wan%lcw. Singh and 
Tomar (1971) reported high yields with submergence until panicle 
emergence. Similar results have been reported by Bhatia and Dastane
 
(1971) and Vamad-van and Dastane (1972). However, Lin and Wu (1973)
 
obtained high-st yield by continuing irrigation throughout panicle

initiation stage. In a separate investigation reported by Vamadevan and 
Dastane (1973), withholding water for a 20-day period 90 days after 
planting had no adverse effects on rice yield. However, withholding 
water at tiller initiation stage and at the spikelet primcrdia differen­
tiation and flowering stage reduced yield from 21 to 27 percent. Lenka 
et al (1973) reported that intermittent irrigation to maintain the 
moisture contunt of the soi 1 between saturation and field capacity from 
transplanting to peak tillering, followed by 3-5-cm submergence untila 
ripening produced higher yields than continuous submergence of 1 to 5 cm. 
But intermittent irrigation from peak tillering flowering resulted into 
significant yield reductions. Similar results have been reported by 
Kaliappa et al (19'74) arid Singh and Misra (197h). Recent review on water 
management in rice in india has indicated that a shallow depth of about 
5-amr submergence is essentiaj for opltimum rice yield (Pande, 1976). 

Analysis of the literature reviewed above indicates that high yields 
are obtainable if" plants are kept at near saturation level until floral 
or panicle initiation stage followed by submergenice through floral 
development and grain filling period. Submergence is not necessary from 
that stage onward. 
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Leaf area of plant is also influenced by soil moisture regime,
 
which, in turn, alters the consumptive water use. Total leaf area,
 
arrangement and orientation of leaves and stomatal characteristics are
 
important factors.
 

A series of greenhouse studies were conducted at 
IITA, Ibadan, to
 
investigate:
 

(i) 	 The influence of low level of soil moisture stress on
 
growth, development and yield of rice. This was 
done to
 
determine threshold of soil moisture potential at which
 
yield declines significantly as compared with continuous
 
saturation.
 

(ii) rThe influence of flooding at various stages of growth on 

rice growth and yield.
 

Soil moisture treatments consisted of: (i) submergence 20 DAS, 
100 cm suction at 15-cm depth before, (ii) zero sucti .1 at 15-cm depth,
(iii) 	25-cm suction at 15-cm depth, (iv) 50-cm suctio 
at 15-cm depth
 
(v) 100-cm suction at 15-cm depth (vi) submergence from 20-55 DAS,
 
100-cm suction at 15-cm depth before and after, (vii) submergence from
 
20-70 	DAS, 100-cm suction at 15-cm depth before and after, (viii)
 
submergence for 20-90 DAS, 100-cm suction at 15-cm depth before and
 
aiter. The soil used was the same as the one described in Chapter 4.
 
Some of methodology is shown in Appendix 6.
 

Plant 	height. Influence of soil moisture regime on plant height at
 
various growth stages is shown in Tables la and lb. 
 There are significant
 
differences in plant height of IR-20 (Table la) 
at different growth
 
stages under various moisture regimes. Although the plant height of the
 
continuous submergence treatment was the maximum, it was only slightly
 
more 
than that of the plants with delayed submergence. There were no
 
differences in plant height of treatment with zero suction and that of
 
submergence treatments 
deferred for various time intervals. Saturated
 
soil with no submergence suppressed plant; height only slightly compared
 
with 20 DAS submergence treatment. Moisture suction of only 50 and
 
100 cm decreased height compared with zero suction treatment (Tble la).
 

There are significant varietal differences in plant height as well.
 
Mean plant height of OS-6 was greater than IR-20 for all the soil moisture
 
regimes investigated. Moreover, there are no significant differences in
 
plant height of OS-6 amongst various soil moisture regimes. The final 
plant height of all the submerged treatments, regardless of the submergence
time, was identical. Even the soil moisture suction of 50 and 100 cm of
 
water suction did not significantly suppress final height measurement of
 
the 0s-6.
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Table la. Plant height (cm) of TH-20 at different growth stages (DAS). 

Days after seeding 

Soil moisture regime 20 27 34 1A I8 55 62 69 76 

Submergence 20 DAS 28.7 48.7 63.7 77.3 89.0 101.7 107.0 113.0 116.7 

Zero suction 29.3 h2.0 52.0 68.7 79.0 86.7 91.0 93.0 94.0 

25-cm suction 27.0 38.0 51.0 62.7 75.3 85.3 92.0 9.3 96.0 

50-cm suction 26.0 36.3 13.7 55.7 65.3 73.0 82.7 87.0 86.7 

100-cm suction 25.7 36.7 13.0 51.0 61.0 70.0 77.3 79.3 79.3 

Submergence 20-55 DAS 27.3 h13.7 511.3 64.7 72.7 80.7 85.0 86.3 87.0 

Submergence 20-70 DAS 27.0 h13.3 56.0 68.3 78.0 89.0 95.0 97.0 97.7 

Submergence 20-90 DAS 27.0 43.7 55.3 65.7 73.7 85.3 92.7 95.7 97.0 
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Table lb. Plant height (cm) of 0S-6 at different growth stages (DAS).
 

Days after seeding 

Soil moisture regime 20 27 311 )i h8 55 62 69 76 

Submergence 20 DAS 314.0 57.3 79.0 93.7 106.3 122.7 l'h.7 145.0 149.3 

Zero suction 35.0 52.7 72.7 90.0 109.3 126.0 136.7 14.3 149.3 

25-cm suction 35.7 49.7 714.3 92.3 110.7 126.3 135.3 144.7 149.7 

50-cm suction 38.0 58.7 75.0 93.0 110.0 127.3 1)40.3 145.7 149.7 

100-cm suction 34.0 49.7 62.7 76.7 9)4.7 116.o 130.7 136.0 138.7 

Submergence 20-55 DAS 29.5 59.0 78.0 93.0 105.5 118.0 130.0 138.5 142.5 

Submergence 20-70 DAS 36.7 54.7 82.3 95.3 110.0 129.3 11;2.0 147.7 151.0 

Submergence 20-90 DAS 36.3 59.0 75.0 85.7 112.3 128.7 141.0 145.7 152.7 
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Table 2a. Tillering characteristics (number/plant) of IR-20 at
 
different growth stages (DAS). 

Days after seeding 

Soil moisture regime 20 27 31 )11 48 55 62 69 76 

Submergence 20 DAS 2 3 6 11 16 19 20 21 21 

Zero suc lion 3 4 8 14 20 24 25 27 27 

25-cm suction 3 4 8 ih 20 26 29 30 30 

50-cm suction 3 4 7 12 18 21 24 24 24 

100-cm suction 3 4 8 12 18 21 23 24 26 

Submergence 20-55 DAS 2 3 5 10 15 18 19 20 20 

Submergence 20-70 DAS 3 3 6 10 18 21 22 23 22 

Submergence 20-90 DAS 2 3 6 10 15 18 21 21 21 



87
 

Table 2b. Tillering characteristics (number/plant) of OS-6 at
different growth stages (DAS). 

Days after seeding 

Soil moisture regime 20 27 3), 1i :8 55 62 69 76 

Submergence 20 DAS 1 2 )1 8 ii 12 12 12 12 

Zero suction 1 3 )1 8 9 0 0 0 0 

25-cm suction i 3 1I 6 9 10 11 11 11 

50-cm suction 1 3 ) 7 10 10 1 11 11 

100-cm suction 2 2 h 6 8 8 10 9 9 

Submergence 20-55 DAS 1 2 )1 7 11 12 12 12 12 

Submergence 20-70 DAS 2 2 )4 7 12 13 13 13 13 

Submergence 20-90 DAS 2 2 5 8 12 13 13 13 13 
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Tiller count. The influence of soil moisture regime on the tillering
behavior of IR-20 and 0S-6 for different growth stages is shown in
 
Table 2a and 2b, respectively. 

The final tiller count of T-20 showed significant differences due 
to the nature of the moisture regimes. Unlike plant height,
non-submergence and soil moisture suction increased the tiller count.
The lowest tiller count (average 21/plant) was observed in the submerged
treatments. There were no differences in the tiller count due to thetime of submergence. The tiller count per wasplant the highest in
 
the 25-cm suction treatment. Similar trends 
 in tiller count were
 
established from 40 DAB.
 

The influence of soil moisture regime in the tiller production in
OS-6 differed significantly from that of 
TR-20. Although there were no
significant differences among various treatments. Tiller count was the
least in 100-em suction treatment. The influence of moisture regime on
plant height and on tiller count of 0S-6 is, therefore, quite different. 

Leaf area index (LAI). 
 Mean LAI of IR-20 and 0S-6 at different growth

stages and for different soil moisture regimes is shown in Tables and3 
4, respectively. The comparison in the LAI of two varieties under

different soil moisture regimes is shown in Figures 1 to 8. 

Soil moisture regime had significant effect on the LAT. The LAI of
IR-20 decreased with increase in soil moisture suction from 25 to 100 cm
of water suction. However, there was an increase in the LAI as the
suction increased from zero to 25 cm. There were no differences in the

LAT among various submergence treatments, and the zero suction t coatment. 

There were no significant differences in the LAI of OS-6 and IR-20.
The influence of moisture regime on the LAI of 0S-6 was also similar to
that of IR-20. The LAI of 03-6 increased as the suction increased from 
zero to 25 cm and then decrease,' significantly with increase in soil
moisture suction from zero to lui ,n. Treatment with submergence from
20 to 90 DAB also resulted in higher LAT at 90 DAB. 

Submergence at different growth stages also had effect on the LAI.
In general, zero suction and submergence at 20 DAS, submergence from
20-90 DAB, and a slight drought stress of 25 cm had similar LAI. For 
treatment wiL," submergence from 20-55 DAB, IE-20 had significantly 
lower LAI than 0S-6. 
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Table 3. Mean LAI of IR-20 at different growth stages. 

Treatment 
Days after planting 

48 55 62 69 76 83 90 

Submergence 20 DAS 6.70 8.93 13.1h3 18.02 21.32 24.04 26.69 

Zero suction 8.45 13.39 15.65 18.78 21.66 23.93 25.33 

25-cm suction 5.78 9.65 12.43 17.87 22.17 26.46 28.72 

50-cm suction 4.144 8.79 10.67 13.11 15.17 18.73 20.30 

100-cm suction 4.57 6.27 8.20 9.15 12.32 14.98 16.72 

Submergence 20-55 DAS 4.78 9.29 10.86 14.00 16.35 19.25 20.77 

Submergence 20-70 DAS 7.15 11.414 15.33 17.85 21.38 214.69 26.58 

Submergence 20-90 DAS 5.96 8.76 12.75 16.14 1c,.94 22.83 26.81 
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Table 4. 
 Mean LAI of 0S-6 at different growth stages.
 

Treatment 
Days after planting 

148 55 62 69 76 83 90 

Submergence 20 DAS 8.75 10.22 14.5h 18.91 21.86 2534 27.b3 

Zero suction 9.23 14.79 16.29 19.42 22.08 24.98 25.90 
2 5-cm suction 5.58 7.39 9.6h4 14.22 19.99 23.89 29.82 

50-cm suction 8.23 10.55 12.00 15.36 18.99 20.55 22.76 

100-cm suction 3.68 6.27 8.03 10.7h4 13.06 16.51 8.46 

Submergence 20-55 DAS 6.83 10.00 13.98 16.86 20.h7 23.2h4 2hi.55 

Submergence 20-70 DAS 9.29 13.79 18.29 19.80 2271 23.67 25.73 

Submergence 20-90 DAS 10.05 15.67 20.56 23.19 25.89 26.93 29.27 
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Fig.l. Effects of different soil moisture regimes on 
the leaf area index of IR-20 at different growth 
stages. 
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Fig.2. 	 Effects of different soil moisture regimes
 
on the leaf area index of OS-6 at different
 
growth stages.
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Fig.3. 	 Comparison of the leaf area index of IR-20 and OS-6
 
for the same moisture regime (continuous submergence
 
from 20 DAS) for different growth stages.
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Fig.4. Comparison of the leaf area index of IR-20 
and OS-6 for flooding from 70 DAS moisture 
regime. 
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Fig.5. 	 Comparison of the leaf area index of
 
IR-20 and OS-6 for 50 cm water suction
 
at 15 cm depth.
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Fig.6. Comparison of the leaf area index of 1h-20 
for two soil moisture regime i.e. submergence 

20 and 70 DAS. 
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Fig.8. 	 Leaf area index of OS-6 for flooding 20
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Shoot growth. Straw yield at harvest was significantly influenced by
soil moisture stress in both varieties. In general, 0S-6 had more straw 
yield than IR-20 at all moisture regimes. The lowest straw yield was 
obtained for 100 cm suction treatment (Table 5). 

In case of IR-20, straw weight decreased with increase in suction 
from 25 to 50 and 100 cm. However, there was a slight increase in the 
straw weight as the suction increascd 'rom zero to 25 cm. Straw yield 
of IR-20 was also influenced by the duration of submergence. The 
submergence From 20-55 DAS had less straw yield, and similar to that of 
100-cm suction. 

The influence of' soil moisture stress on the straw yield of OS-6 
was less pronounced than in case of -20. An increase in soil moisture 
stress from zero to 100-cm suction had no effect on Lhe straw weight of 
0S-6. But decrease in the length of submerg nce neriod significantly 
reduced straw yield compared with longer submergence durations. The 
straw yield, maximum plant height and the LAI had similar trends in 
relation to soil moivture regime (Tabae 5). 

Consumptive water use. Consumptive water use for the two rice varieties 
under different soil moisture regimes is shown in Table 6. As expected, 
the consumptive use was the highest for various submergence treatments, 
followed by zero suction and 50-cm suction moisture regime. There are 
significant varietal effects on the consumptive water use. Because
OS-6 can maintain more LAI and plant height at intermediate drought stress, 
its consunptive water use is also more than that of IR-20. Therefore, 
a close correlation exists between the LAI and consunptive water use. 
Also, consumptive water use for treatments with delayed submergence is 
not drastically lower than those with submergence from 20 DAS. Delayed 
submergence does not necessarily result in water saving; low suction does. 

Grain yield. The comparison of he grain yield o f our suction treatments 
with that of' continuous submergence aid different submergence duration for 
IR-20 and 0S-6 is shown in Figure 9. O-6 outyielded I1-20 at all the 
moisture regimes. Grain yield of 05-6 and 14-20 decreased with decrease 
in suction from zero to 100 cm. It may be justified to infer from these 
data that for sandy soils a suction value ranging from 25 to 50 cm is 
a threshold beyond which yield of rice declines significantly. The 
duration of' submergence also had a s ii. 'ricant but complex effect in 
terms of' grain yield. There were no signir ficait diF ferences in grain
yield among continuous sbulnergencu until submergence from 20-70 DAS or 
submergence from '0-90 DAS. But submergence from 20-55 DAN , followed 
by 100-cm suction at Floral stage decreases grain yield. However, the 
relative decrease in yield was higher in 1-20 than in 0s-6 (Table 7).
The grain yield of treatments involving submergence oily from 20-55 DAS, 
was equivalent to that or'continuous soil moisture suction of 50 am. 
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Table 5. Influence of soil moisture stress and delayed flooding on
 
straw yield and plant growth. 

Straw yield Plant height Maximum LAI 
(9/pot ) (em) 

Soil 
Moisture regime IR-20 0S-6 IR-20 os-6 IR-20 os-6 

Submergence 20 DAS 221.7 303.7 99.7 201.1 26.7 27.4 

Zero suction 225.3 264.3 82.1 190.2 25.5 26.3 

25-cm suction 233.0 262.7 89.0 182.8 28.7 27.8 

50-cm suction 188.0 262.3 79.9 1711.0 20.3 22.7 

100-cm suction 174.0 243.7 71.1 169.9 16.7 18.4 

Submergence 20-55 DAS 183.3 255.3 76.9 171.3 20.8 2h.7 

Submergence 20-70 DAS 2314.0 290.0 88.3 167.0 26.6 25.7 

Submergence 20-90 DAS 207.3 312.0 90.5 196.7 26.8 29.3 

F ratio 11.7** 107.9** 4.8** 

LSD (.05) 5)4.7 11.2 4.9 

SE 32.9 8.6 2.9 

Cv (%) 13.6 6.14 12.0 



1.02
 

-~ 

-

0S-6 

IR -20 

120 
10o 

-

z 
0 

60 

30, 

2010. 

0.­
.50 -10 -­ o -40 -4 6 

SOIL YATER SUCTION 

6 -10 -15-e4-5-0A4 

(:m of water) 

Fig.9. Effect of soil moisture suction on grain yield 
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Table 6. Influence of soil moisture stress and delayed flooding on
 
consumptive water use (cm) at different growth stages of IR-20 and
 
os-6.
 

Soil moisture regime
 

Submergence 20 DAS 

Zero suction 

25-cm suction 

50-cm suction 

100-cm suction 

Submergence 20-55 DAS 

Submergence 20-70 DAS 

Submergence 20-90 DAS 

F. ratio 


ISD (.05) 


S.E. 


CV (%) 

20-50 DAS 


IR-20 OS-6 

144.5 46.4 

26.2 32.2 

25.2 27.1 


17.4 25.0 


15.4 16.5 


34.9 38.7 

1.3 13.7 

40.8 417.0 

21.3** 


6.9 


)1.1 

12.7 


20-70 DAB 

IR-20 OS-6 


62.1 69.4 

43.3 50.7 

42.7 45.8 

27.14 41.9 


25.5 29.5 


42.6 51.3 


56.9 60.8 


58.2 70.1 

13.7** 


10.8 


6.5 


5.5 


20-90 DAS 20-120 DAS 

IR-20 Os-6 IR-20 os-6 

88.0 103.9 122.0 141.1 

63.0 74.0 91.1 104.2 

67.1 71.6 98.3 106.7 

h0.1 66.2 57.7 96.8 

36.0 46.4 49.8 79.3 

56.8 74.4 72.7 100.0 

72.6 86.1 99.1 118.0 

77.5 101.9 98.3 129.2 

9.3** 5.5* 

18.4 29.8 

11.1 17.9 

15.7 18.3 
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Table 7. Influence of soil moisture stress and delayed flooding on yield and yield components
 
of two rice varieties. 

Grain yield Grain/panicle Panicle length Sterile grains Weight of 100 
Soil moisture regime (g/pot) (cm) (number) grains (g) 

iR-20 os-6 !R-20 os-6 IR-20 os-6 iR-20 os-6 IR-20 os-6 

Submergence 20 DAS 108.6 155.9 107 130 24.1 29.2 12 11 14.5 25.0 

Zero suction 112.6 137.4 92 118 22.1 30.6 13 15 14.5 26.0 

25-cm suction 98.7 103.4 99 114 23.8 29.6 12 1K 14.1 25.4 

50-cm suction 49.3 89.1 70 108 21.4 27.8 16 21 13.8 21.5 

100-cm suction 28.0 6.9 68 9L 21.3 27.4 16 20 11.2 21.2 

Submergence 20-55 DAS 42.1 87.4 68 93 21.4 26.9 10 it 13.6 25.6 

Submergence 20-70 DAS 102.7 134.2 105 98 23.1 27.3 10 8 14.4 27.8 

Submergence 20-90 DAS 96.8 151.2 118 142 23.2 30.1 12 13 13.4 24.5 

F ratio 5.3** 3.7** 14.3** 2.9** 48.6** 

LSD (.05) 45.2 31 2.6 5.9 2.9 

SE 27.1 19.1 1.5 3.6 1.8 

CV () 28.5 18.8t___________________ 6.o 
______________________ 

25.6 ________________________ 9.2 
_____________________ 
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Influence of soil moisture regime on various parameters of yield
 
components is shown in Table 7. 
Number of grains per panicle, panicle

length, and unit grain weight were significantly more in OS-6 than
 
IR-20 for all the moisture roimes investigated.
 

Number of grains/panicle followed similar pattern to 
that of grain

yield. Soil moisture stress decreased the number of grains per panicle, 
as 
did the decrease in the duration of submergence. However, only soil
 
moisture suction treatments of 50 and 100 cm significantly suppressed

the number of grains/panicle. The lowest number of grains/panicle was
 
observed for stress at panicle initiation (submergence 20-55 DAS) and
 
for continuous suction of 100 cm.
 

Panicle Ilength also ucereased with increase in soil moisture suction
 
and decrease in the duration of submergence. The smallest panicle length
 
was observed for 100-cm suction and 
for the submergence of 20-55 DAS 
treatments. Floral sterility was also high for 100-cm suction treatment.
 

Unit grain weight in 0S-6, sometimes doubled that of IW-20,

particularly for the stressed treatments. 
 Although soil moisture stress
 
decreased the unrit 
grain weight in both the varieties, the relative or
 
percent decrease in TO-20 was significantly higher than that of 0S-6.
 

Water Use Efficency (WUE). 
 Data in Table 8. show significant varietal 
and moisture treatment effect on the water use efficiency, defined as the 
grain yield per unit amount of water consuned. Generally 0S-6 had 
significantly more WJE than IR-20, particularly when subjected to high

soil moisture stress. The WEJ1 , of 05-6 was as much as 50% more than that
 
of IR-20 for submergence from 20-55 DAS and for 100-cm suction treatments.
 

Soil moisture stress decreased the WUE in both the varieities. 
However, there was a significant increase in the WUE of IR-20 when 
comparing continuous submergence from 20 DAB and zero suction treatment.
 
There was a similar, but not statistically significant, increase in the
 
WUE of 0S-6 for these two treatment:;. The maximum WUE was observed for
 
zero suction treatment for both the varieties.
 

The maximum WUE for zero suction at 15 
cm depth, once again supports

the hypothesis that beneficial effects of continuous submergence are
 
doubtful at best and harmful at its 
worst.
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Table 8. Water use efficiency (g/cm of water) of grain-- as 
by soil moisture stress and by delayed flooding. 

influenced 

Soil moisture regime IR-20 0s-6 

Submergence "0 DA" 

Zero suction 

25-cm suction 

50-cm .-uction 

100-cm suction 

Subm!rfgence 20-55 DAS 

Submergence 20-70 DAS 

Submergence 20-90 DAS 

0.833 

1.250 

0.950 

0.870 

0.570 

0.593 

0.927 

0.950 

1.060 

1.290 

0.931 

0.820 

0.753 

0.8)13 

1.070 

1.250 

F ratio 3.18** 

LSD (.05) 0.309 

SE o.186 

CV (%) 20.277 
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Conclusion
 

The following conclusion can be made from the analysis of results
 
obtained at IITA.
 

1. 	 Zero suction, or saturated soil, can give yields equivalent to
 
that with continuous submergence.
 

2. 	 Continuous submergence throughout the growing period is not
 
necessary for optimum yield.
 

3. 	 Saturated soil or submergence only luring the flowering stage is
 
enough for high yields.
 

4. 	 Even a suction of 100 cm at floral stage and submergence during
 
the vegetative stage can result in significant yield reductions.
 

5. 	 There is no significant difference in grai'i yield for 0 and 25 
cm
 
of water suction as compared with that of continuous submergence.
 
Perhaps a low suction value of 25-50 cm, 
cue air- entry pressure
 
at which macro-pores begin to drain, is critical for yield
 
depression.
 

6. 	 The consumptive water use was influenced by soil moisture regime,
 
and the highest WUE was observed for either zero or 25 cm suction
 
or for submergence only from 20-90 DAP.
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7. SUBMERGENCE AND RICE YIELD 

Submergence of rice field, by 5 - 10-cm depth of water, is widely
 
practiced. Although rice requires saturated soil conditions for optimum
 
growth, the reasons for submergence in standing water are not universally
 
acknowledged. Weed control may be an advantage, and so may be the 
efficient use of applied fertilizer or of inherent soil fertility.
 

During submergence the chemical and physical characteristics of
 
water can also affect rice growth.
 

Water temperature has been identified as an important Factor in
 
rice growth and yield by many workers. Kataoka (1969) related the water 
temperature in rice to the meteorological and hydrological characteristics 
at a given location. ic reported hi gher average water temperature than 
the averag, daily air temperature. Chaudhry and Ghildyal (1970) studied 
the effoct or soil temperature regime from 10 0 C to 40 0 C on rice growth 
and yield. Thu maximum em.rgence occurred at 25 0 C and 30 0 C. Rice 
seedling emergence decreased at lower temperatures of 15 0 C-20 0 C. In a 
two-year experiment with artificially maintained water depths of 5 cm 
and 20 cm on the Hungarian plains, Vamadevan (1971) investigated the 
effects of water depth Qn temeratur" at soil/water interface. The 
difference between the soill/wt,.er intr :':tce and the air temperature was 
found to be the neato ta": the begi ine:g of the growing season, and 
the rate at which it decreased was smaller with deep than with shallow 
water. Yield was also more with great water depth. The higher yield 
with greater water depth under Hungarian conditions could be attributed 
to higher temperature at the soil/water interface. This influence of 
temperature on rice was also shown in India when the cyclic temperature 
regime of 32°C/20 0 C showed better root growth and tiller development than 
plants growing at 26 0 C constant temperature (Chaudhry and Ghildyal, 1971). 
Similar studies conducted in the Philippines by Bhattacharya and 
De Datta (1971) indicated that higher temperatures accelerated the growth 
and development of plants. Grain yields were significantly decreased by 
a soil temperature of 15 0 C during panicle development. Ueki (1971) 
conducted similar qxperiments in Japan and reported that the water 
temperature above 30°C generally had a detrimental effect on growth. 
Hoshino et al (1972) reported a significant interaction between tempera­
ture and moisture regime on growth and development of rice. Similar to 
maize, Moriwaki (U970) reported that the most sensitive part of the rice 
plant to soil temperature is the shoot base. 

The research conducted in India on the effects of depth of submergence 
on rice yield has been reviewed by Pande (1975). The results indicated 
that a shallow depth was generally beneficial in terms of yield obtained. 
The effect of submergence, however, is also related to water temperature,
 

http:soill/wt,.er
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and to the evaporative demand of the atmosphere. 
Pande (1975) reported

that during monsoon season the rice yield was similar for soil moisture
 
conditions of saturaLion, and -hallow and deep submergence. However,

when grown during the periods of high evaporative demand, rice yield was 
adversely affected by non-submergence. 

Certain experiments w(-re conducted at IITA from May to November
1972 to compare yield of IR-20 under saturated soil conditions with that 
under continuous submergence, and to compare the effects of submergence

at different g~rowth stages. Under the conditions of these experiments
 
at IITA, the temperature at the soil/water interface was never below
 
a weekly mean of 23.90C (Table 1). Tlhe maximn temperature under the 
rice canopy in water, or at the soil/water interface also never exceeded
 
350 C. Therefore the temperature probably was 
not a serious factor
 
limiting rice production in these studies. 
 The maximum temperature at
 
the soil/water interface may be above the optimum level by 2°C-5°C for 
perhaps 2-1; hours per day. 

Data in Table 1 shows that the minimum water temperature was higher

than air temperature at least by 1 - 1.50C in July, and 0.50C 
- 1.0°C
 
in August and September. The minimum temperature at the soil/water

interface was 
higher than the water temperature by about 0.50 C. The
 
minimum temperature at the soil/water interface did not increase for the

duration of this experiment. It is possible therefore that most of the
 
incoming radiation was used toward evapo-cranspiration. The heat flux 
into the soil itself was, therefore, minimal.
 

The influence of continuous submergence on grain and straw yield
of IR-20 rice was 
compared with saturated soil but no submergence, and
 
with submergence super-imposed on saturated soil at various growth
 
stages. The moisture regime treatments consisted of:
 

(i) Submergence from 20 DAS.
 

(ii) Submergence only during 20-35 DAS, saturated soil before
 
and after.
 

(iii) Submergence only during 20-55 DAS, saturated soil before
 
and after.
 

(iv) Submergence only during 20-70 DAS, saturated soil before 
and after. 

(v) Submergence from 7C DAS, saturated soil before that.
 

(vi) Saturated soil, no submergnce.
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Table 1. Weekly mean soil and water temperature (C) under paddy in 
relation to air temperature at 7.30 am. 

.leasuring site 

I 

1-T 

July 1972 

8-15 16-23 23 7 

August 1972 

.. 

September 1972 

1-7 

Air 23 5 23.7 23.6 23.5 23. 0 22., 2.0 23.3 23.5 

Water 2.1 25 .2 25.0 2h.5 2 .2 23.5 23.6 23.7 23.9 

Soil 25.9 25.7 25 25.0 . 23. 21.2 
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Plant height. Influence of soil moisture regime on plant height is
shown in Table 2. There were no significant effects 
of these moistureregimes on plant height at any stage of growth. Longer duration ofsubmergence, however, seemed to encourage plant growth. The heightwas shortest for submr rged treatment and For the treatment with
submergence in the v_, etative stage e. g. 
 from 20 to 35 At. 

Tiller count. Numbers of tillers per mp were affect !d more by themoisture regime than the height measurements (Table 3). The least 
soil 

number of tillers was observed for the uisubiierged treatment, and for
the one submerged for 
 the shortest duration e.g. 20 - 35 DAS. Theresults, however, notwere statistically significant. Tiller countshowed consistent trends in connection with moisture regimes from about35 DAS to 90 DAS. T1he maximum tiller wascount observed at 90 DAS. 

In general, plant vigor as monitored by height and number of
tillers was not affected by submergence, as long as th, soil] 
 was kept
 
near the saturation level.
 

Strawyield. The straw yield is in 1I.shown Table Straw yield wassignificantly affected soilby moisture regime. highestwas 
'The straw yieldobtained for the continuously submerged treatment, and the second
highest yield 
was produced in the treatment with submergence from 70DAS to maturity. The least straw yield was obtained for the unsubmergedtreatment and those treatments submerged only for the shorn du'atioh. 

The relative decrease straw wasin yield 36 and 30 percent,respectively by decreasin the submergence duration gradually fromto 35 DAS, and no submergence at all. Relative straw yield for 
20
 

different submergence duration relative to that 
of continuous submergencewas 0.61, 0.73, 0.89, and 0.95, respectively for submergence from 20-35DAS, 20-55 DAS, 20-70 DAS and submergence from 70 DAS to maturity.Submergence, therefore, significantly improves vegetative growth in riceplant. Similar results have been reported by other workers. 

The final plant height at k.arvwst was identical to the straw yield,and was significantly di fferent among various moisture regimes(Table 4).The final plant height was in the oforder submergence 20 DAS>submergence20-70 DAS>submergence 70 DAS>submergence N0-35 DAB>submergence 20-55 DASand no submergence. The relative plant height in the same order was1.00, 0.99, 0.96, 0.91, 0.91. Submerjence, therefnre, significantly
increased the final plant height and the total str:tw yield. 

Grainyield andyield components. The rice Irraini yield and yieldcomponents shown in Table 5, indicate ficantsign di fferiices due tomoisture treatments. 'The lowest grain yield was obt:ained for theunsubmerged treatment. There no gni fi.camitwere qi differences in grain 
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Table 2. Influence of submergence time on plant height and shoot growth. 

Plant height (cmn) at different DAS 

Soil moisture regime 
35 42 49 56 60 70 77 84 91 

Sub.__.ence 20 DAS 30.7 38.3 54.0 56.7 65.0 72.0 80.7 8S.3 91.0 

Submergence 20-35 DAS 30.7 38.7 53.0 57.7 63.0 70.0 76.3 £0.3 87.3 

Submergence 20-55 DAS 30.3 36.0 52.0 54.3 61.w 67.0 76.0 79.7 86.3 

Submergence 20-70 DAS 29.7 39.0 54.3 59.7 66.0 71.0 86.3 89.0 94.0 

Submergence 70 DAS 29.7 36.0 45.7 55.7 60.0 67.3 78.7 30.3 89.3 

Zero suction, no submergence 30.0 36.0 19.3 56.3 56.0 64.7 76.7 81.3 87.3 

LSD (.05) n.s 3.6 8.2 n.s 19.1 n.s n.s n.s n.s 
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Table 3. Influence of submergence time on tillering behavior of IR-20 in the field (xlO )
. 

2
Tiller number per at different growth stages (DAS)
Soil moisture regime
 

35 42 49 56 
 63 70 77 84 91
 

Submergence 20 DAS 
 13.2 1.7 15.2 
 15.8 17.0 18.3 18.7 18.9 
 19.0
 

Submergence 20-35 DAS 
 13.3 13.7 14.5 15.2 
 _i 17.0 17.3 17.7 17.9 

Submergence 20-55 DAS 
 12.7 15.7 16.2 16.7 17.8 18.9 19. 19.6 19.8
 

Submergence 20-70 D.AS 
 13.2 15.3 15.7 
 16.5 17.5 18.3 
 18.8 19.1 19.3
 

Submergence TO DAS 
 12.7 15.7 16.1 16.5 17.9 18.4 18.6 
 18.8 19.0 
Zero suction, no submergence 12.5 13.6 14.1 14.8 16.0 
 17.1 76 17.9 
 18.2
 

LSD 1.05) 
 2.5 2.4 2.6 
 0.7 I.L 2.1 
 2.3 1.9 1.7
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Table 4. Straw yield and the final plant height of rice as influenced
 
by soil moisture regime.
 

Soil moisture regime 
 Straw yield* (T/Ha) Final plant height (cm)
 

Submergence 20 DAS 7.56 106.4 

Submergence 20-35 DA; 4.81 99.4 

Submergene 20-55 DA 5.50 97.4 

Submergence O-YO DAS 6.71 105.8 

Submergence 70 DAL 7.16 101.6 

No submergence, saturated soil 5.09 99.1 

LSD (.05) 1.90 7.8 

* on oven dry basis
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Table 5. Influence of soil moisture regime on grain yield and yield
 
components.
 

Grain Panicle Grain of Floral Weight 
Soil moisture regime* yield length panicle sterility of 1000 

T/I1a cm % grains 
g 

Submergence 20 DAS 4.36 21.14 109 17.8 16.8 

Submergence 20-35 DAS 4.81 25.2 112 16.1 16.4
 

Submergence 20-55 DAS h.25 214.7 116 18.4 16.5
 

Submergence 20-7 DAS 4.72 25.6 130 15.5 17.3 

Submergence 70 DAS 4.29 25.7 135 20.2 15.8 

No submergence 3.44 24.8 121 17.3 15.2 

LSD (.05) 	 1.10 1.6 18 14.0 1.9 

* 	 Soil was kept saturated in all the treatments both before and after
 
submergence.
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yield among other treatments. Submergence, even for . short duration
 
at pre-flowering or during the flowering stage was 
enough to produce
 
the optimum grain yield. The unsubmerged treatment with saturated
 
soil produced 23 percent lower yield than the mean yield of the remaining
 
treatments. The relative grain yield was in the order of 1.00, 0.98,

0,91, 0.89, 0.88 and 0.72 respectively for the moisture regime of sub­
mergence from 20-35 DAS, submergence 20-70 DAS, submergence 20 DAS, 
submergence 70 DAS, submergence 20-55 DAS, and no submergence. The 
highest grain yield, however, was not obtained for the continuously

submerged treatments. Submergence imposed from floral initiation stage 
onward produced grain yield equivalent to that of the continuously
 
submerged treatments. 

lhe analysis of the yield components in relation to total yield 
indicate that there were no significant differences in the panicle
length, floral sterility or in number of' grains per panicle as a result 
of moisture regimes imposed in this study. The major differences in 
grain yiild occurred in the unit grain weight; and perhaps in the number 
of productive tillers (Tables 3, 5). 

The unit grain weight was the lowest in the unsubmerged treatment 
and in the one with submergence imposed only from 70 DAS. Submergence
 
during the flora] initiation stage, therefore, seems to be important in 
the proper grain development. The number of' grains per panicle was also
 
significantly affect(,d by the soil moisture regime.
 

The highest nunbers of grains per panicle were recorded for 
treatments involving submergence during and just before the floral 
initiation stage. Continuous submergence, perhaps due to severe leaching
losses of applied N, produced the least number of grains per panicle, 
even lower than the unsubmerged treatment. The relative number of grains
 
per panicle were in the order of 1.00, 0.96, 0.90, 0.86, 0.83, 0.81,
 
respectively for submergence 70 DAS, submergence 20-70 DAS, submergence
 
20-35 DAS, aud submergence from 20 DAS.
 

Floral sterility was not significantly affected by soil moisture 
regime. The highest sterility percentage was observed for the treatment
 
involving submer e-:nce 
only ",fter the floral initiation stage. The lowest
 
floral sterility was obser;ed for those treatments which involved sub­
mergence through the floral development stage and prior to it. 

It may be justified to conclude that optimum yield is obtained if 
tne soil wcre kept ncar saturation at all stages aid submerged during
the maximiri, tillering aid flowering stage or panicle development stage.
Similar r .sults ha-ve also been reported by many researchers. 
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Conclusions
 

The results reported in the previous section indicate that:
 

(i) 	 Temperature at the soil/water interface under conditions
 
similar to that of IITA, Ibadan is probably not a
 
significant factor affecting rice growth and yield.
 

(ii) 	 Non-flooded soil kept at near saturation yielded 20
 
percent less than the submerged treatments. This
 
depression in grain yield of the unsubmerged treatments
 
is attributed to the unsaturated conditions prevalent
 
in this 	treatment during long rainless periods.
 
Another 	important factor is the drainage of the excess
 
water. 	The plants generally appeared to be chlorotic.
 
Perhaps 	draining of' the rain water depleted the soil
 
of its essential nutrients, such as nitrogen. If the
 
nitrogen losses in thu drained water were compensated
 
for, the yield difference might be negligible.
 

(iii) The influence of submergence on yield was probably
 
through the increase in number of productive tillers,
 
increase in the panicle length, and an increase in the
 
unit grain weight.
 

(iv) Submergence for a short duration only during maximum
 
tillering and panicle development and floral initiation
 
stages may be adequate for optimum yield.
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8. MECHANISM OF RICE RESPONSE TO MOISTURE STRESS
 

Improvements in upland rice production which is the predominant 
system of rice production in West Africa and parts of Latin America, can 
be made by understanding the basic parameters of soil-plant-water 
relationships. Criteria for a selection of suitable varieties for upland 
conditions can be developed through understaniding of basic soil-water 
relations and rooting characteristics. From the results presented in the 
previous chapters conce rning water relations under flooded conditions, it 
can be generalized that optimum yields can be obtained without continuous 
submergence, provided soil is kept near saturation during critical growth 
periods. Deinning with this chapter, an analysis will be presented for 
conditions applicable to upland rice. Emphaosis wi.ll be given to the 
factors which influence "critical noil moisture potential" in relation to 
leaf moisture potential, s tomatal behavior ard consumptive water use of 
various rice varieties grown under dirIfereint levels of soil moisture 
stress. The results presented will be generalized to outline the principles 
of field and greenhouse techniques for varietal selection against drought 
and moisture stress. 

Water stress in plants is a major factor limiting crop production. 
Through a wide range of investigations (Shiaw and laing, 1965; Denmead, 
1960; Laudu, 1957; Viets, 1970; and Slatyer, 1967), it has been shown that 
water deficiency is not only an important factor affect ing economical 
yields in the regions with prevalent dry conditions, but also in the humid 
to sub-hunid environments. Sometimes serious yield reductions can occur 
even without the pl.ants showing wilt symptoms. Generally, wilt is not 
the first warning sign of water deficiency. Moderate water stress affects 
physiological activity and cant decrease growth, development and yield 
(Slavik, 1963).
 

The response of plants to various levels of moisture stress is 
affected by soil and climatic factors, and also by the adaptability of 
various genotypes and cultivars to di ff'rent ecological conditions. Thus 
among plants in the same species, varietal characteristics play an important 
role in plant response to water stress. A knowledge of the varietal 
characteristics that can be important for drought tolerance is an important 
area of genetic research in soi]-plant-wa er relationships. 

Tanaka, Kawano and Yamaguchi=, (1.966) repiorted high initial growth 
rate in rice when grown under adequate water surply V-1lowed by a decline 
in the growth rate at later stages of developmer.t. Although, when grown 
under the conditions of inadequate water supply. the initial growth 
rate is low; it stays coustant even toward the later stages of development. 
This implies that the drought stress :i.n rice, and perhai.ps in other cereals 
also, affects both thc vegetative and reproductive stages of growth. 
The period of vegetative growth is significantly prolonged in favor of 

http:perhai.ps
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the reproductive phase of development. That is the basis of the 
conclusion arrived at by many researchers, that the maximum yield poten­
tial exiuts whn the soil is mialinand under flooded or :;aturated 
conditions (De al, Levine aid Willins, 1970). The:;e workers have 

also observed .at although i hight of the rice plant is direct;.ly related 
to the depth or wat,:r in the paddy, bj Illar nilbuIr appef.ars to be inversely 
relataed to a rd:,tivly wil ru'nq or soil moic::Lur ondit ion;. Similar 
result:s were reported earlier in this book. However, i ' the soil moisture 
stress I:;i r-rase d, say, up to initi al Lear roll.ing during hot periods, 

the ti ller mtb,.r r,:luc..:; ,irnirient ly. It is genera.l believed that 
/rain to 2,.rnw ,i ] n t. 'rIon', by .ater mtraraeomenrit pracLice2. 
Ver,,ra; i ([7(t)) :2at,l,1:: tr u or rice is functionCrnyied Lth ulanit a 
o' three 2y i., :,': ,nt:; ; ( I ) umub, r , a.h o r,.r planI, (M) numberpe.rci.'::; 
of Ii][I :1t pirti L , I ;,,.,"rr n I ;i ( ) .i', unit. i~ri.-ir wt'irit. Wh aL 
in ftii,'': : i; r, ,r.;,:: tthi( c' comporents not wellt l st,,.s::: ,t)invJ i.s 
undlr:stkr, l 'id :;,.:: to,' b- , r, . *:, priuri-Ly It har; been shown 
in (hI'pLr:; - , t )di titl ,r, .; at ;.i.r, dot' l,itie in yield of rice as in 
th s:o:;il m;t ;it'. ] .; lr-.,d r '.m :;ulbmtlttrq d trea,.tmernt throughru r:; 
zero 	 unid >",U am2k.;tt: i on at. I -em 'I lii. The beelicia, d. e cts of 
delayede ulbre.rt-e i', or at. i, d .gre o I'or oisttlure sre= in the vegeta­

tive ;te ( s ,,lir. xi:L, inta :;aLtura,',d, but no :uhmerpd soil) on 
grain arind :Lr'w yi.eld may b t t.rAbted to "hiardnli..ir" 

TheP , ciotrtpotientri t t "I.r' i..l'a', led by moi sture 2tres . ard 
therefore can b, u:;ed a:; cri be-riat or 2;creeu.rin,; against drought stress 
are steri.ity prcen t'r,, unit rrain wight., and panicle nunber. A 
series of experiment; conducted at; I IA in 197P to evaluate the effects 
of drourht ALsre:; O th yield cornroiernt s ot' a few standard varieties 
are described in thi.:; chapter. 

A greenhouse experiment was initiated in October 1972 with the 
following objecliw:r;: 

(i) 	 T, iivostrate the influence of low level of soil moisture 
;rus on growtlh and yi eld ofr two rice varieties, and 

(ii) 	 To compare Lrowth cha'racteristics of OS- and FR-20 to 
dlinueate paramrnetber; that may be desirable for upland rice 
eniviro.ni ent;. 

T he moisture t;reatmerit:; investigated consisted the following: 

i) 'Submrr,,nc, to a 5-am depth 

(ii) 	 SacturatedI ;oil, no submergence 

(iii) 	 Zero suction at 15-cm depth 

http:direct;.ly
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(iv) 25 cm suction at 15-cm depth 

v) 50 cm suction at 15-cm depth
 

(vi) 75 cm suution at 15-cm depth
 

(vii) 100 cm suction at 15-cm depth
 

(viii) 250 cm suction at 15-cm depth. 

Cumulative soil moisture stress 
was computed by plotting the daily

tensiometric readings in cm (suction) over the entire growth period and
 
then determining tihe area under the curve. TI iris procedure was adopted
for all the soil moi.sture r.l imr,:; which were not submergred. ThQ unit 
for this cumlaL itv:;tres :; cm-day:; ai.d can be converted to bar-days
 
or atmospipfro-: y;. l'h amriount oF watLr aldded For eachi of the irrigation 
treatmrren, wl, ofardtalisl; imimthodofo 7 aire sliown in Appnd x R. 

The: an af it' r vruanice tabl]e oF F ratio (Table .) reveals the 
moisture aid va.ri,.L 'al erF'fects on rrost oF the observations irade in this 
study. Table I. ;fnow; that grain yield, straw y Leld, number or grains
 
per panicle, panicle( number per pot, panicle weigiht:;, days to flowering,

tillers per lan t, and total 
wa ter use, hnave hlily :;iirticant varietal
 
and rmoi sture r "i arrF'c t:;.
 

The eftect:; oF va riou:; :vi s oF soil moi s;ture egimes on grain
and straw yield, panicI.e nurlb.r per pot, panricle weight, graii weight, 
dry matter productiorn at di.FFreurt s tages or growth, days to flowering,
plant height, :;terile grains per panicl(, arid total water use have also 
been Found to be highly significant. The irteraction between variety
arid moiLsture t reatments is signiFicant only for grair weight arid for the
 
number of days to headirgj.
 

The correlaLion arid regression analyses conructed here have shown 
a highrly :;Qi.ri.i.anirtl; correlati.on between wa t(2 r us arid grrairi, and straw 
yield, graris per paniclu, parriil weighL, arid plant hiLghl. Also the 
grain yieold has be en found irilc .yto b( lant; c orre:1l a ted with straw 
yield, and grai n:; ar" panicle . G ralir yield, plant hLi.hLt,, root number 
arid root welhLit; were also significan tly correlated wiih t;ota! water use 
(Table P). 

Consumpivt:iv water a:;n,.Fi gure:; i-6 show the ,:F ec t';:; of various 1uvels 
of moi:;le r:;mtist :; on tIe total 7i.ouit of' water" usved by each rice variety.
FiLure 1 ;iow; tiel f (2-t, of cuulltat iv ; il m'' .;t,'s,, orr centimeter 
oF water u;ed ptr' pot.. 0,1- L :d.,da in Ifiric.irt. iy ii.ngi(,r :io.Olnt of' 
wat(er ti rarn Il i-N . HiowOver, bro both varie-tie:;, he ii ig"er te cuirulat;ive 
stress the less wan tiie consUinptiwe wat;e r us . Thie_ conIrisulrpLve water 

http:correlati.on
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use of IR-20 was 59 percent that of the OS-6 under various stressed
 
treatments. The decrease in consumptive water use of IR-20 and OS-6 
at high stress was 50 percent.
 

Figures 2 and 3 compare the total amount of water used, with the
 
grain and straw yield of TR-20 and 0s-6 rice under the mcrious moisture
 
regimes. Figure 2 indicates the beneficial effect resu!.t.ng from a
 
slight moisture stress for OS-6 under a saturated soil. ate OS-6 
variety had consistently higher grain and straw yield per unit quantity 

+of water used. but nt high moistv, c n'icit, T-0 had hiVher water 
use efficiency as measured in terms of grain and straw yield per unit
 
quantity of water used (Fig. 3).
 

Fiq:-ir.:; i and 5 depict the water consumption of both varieties under 
high and low water reqimes (.saturated and 250-cm suction and flooded 
and l00-c:: s;uction treatments). Thero wa:; a gradual rise in the water 
use of both vtriei:; with the increase in the stage of crop followed 
by a definite dc.ine in consumptive water use toward maturity. IR-20 
grown at hi.nsh drought ;s,rs showed a constant water requirement, 
indicati,, a constant qrnwtLh rate. For plants under saturated and flooded 
treatments, the peak water consumption occurred between 6th and 9th weeks 
after plant ing. The period coincides with the most active vegetative 
growth -9aximmr tillering) and act ively flowering growth phases. The 
variety OS- grown under high drourit stress did not show a constant 
water re(luiremernt and it peaked at t.he V'lowerirg stage. But the plot 
of the evapo-trarsiration with time indicates that rice plants have
 
the greatest water demand at the most active vegetative periods followed
 
by high water demand at the flowering time.
 

Figure 6 depicts the water use efficiency of both IR-20 and 0S-6 
rice. The data indicate superiority of OS-6 over IR-20 in the efficiency 
of water use for plants grown under optimal water conditions (i.e. 
submerged and saturated soils). Under high moisture stress (250 ea 
suction), the water use efficiency of both 0S-6 and IR-20 was identical. 
There wer, no s igrniFicant di ffe:rences in water use efficiency among 
different water regime:; inve;ti gated. 

Plant height. Figrn'es 7-9 summarize the results of height measurements 
and tiller count:; observed at different growth stages for both IR-20 
and O5-6. in Figure 7, the advantages of saturated but iunsubmerged 
soil over :submerged and other soil moisture regimes during the vegetative 
stage f'or Lthe hgLit of' 02K-6 arc evident-. Wereas in I-20 there was 
a I percent dec11nn in the plant height a:s the soil moisture regime was 
changed from zero :;ction to 50-cm suction, there was a slight increase 
in the height of 0K-6. The relative decrease in plant height from zero 
suction to 50-cm suction was 9 and I percent, respectively for 03-6 and 
IR-20. The maximum decrease in plant height occurred between the suction 

http:resu!.t.ng
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ranging from zero to 50-cm. "'igure 8 shows 
a similar response of
 
IR-20 and OS-6 in 
terms of their height at flowering and harvesting.

The relative decrease in height for final 
or up to panicle stage

respectively was 11.9 and 
17.3 percent for OS-6 compared with 29.5 and
 
10.h percent for IR-N0. With increase in stress, there was more decrease 
in the height of paniicle development for w2-6 than that of IR-20 (Fig. 8). 

Ge.eral growth response or To-70 and 0S-6 is shown in Fig. 9 for
 
soil moisture regimes of submergence and suctions f 25, 100 and 250 cm.
 
As 
expected, beginning from the first wonek after planting, OS-6 plant
giuw higher than iT-P0 for all the moisture regimes compared. For 0S-6
 
the growth rat. was 
consistent with the moisture treatments. Plant
 
height and vi. or 
;: I R-P0 decli ned sir ficantlyi even at a slight
 
moisture str".s:. Under a.hinh moisture s tres s (050-cmsuct ion), IR-20
 
ceased 'rowth ' tom , 
 week after p1 'ii n, whi.e 02-6 grew slightly

but steud iLl ii.tl ma'tu1r ity. Anothhier important observation in Fig. 9
 
is the comp~ri.'o,,,. ofMplant hei,-ht of 
I3-AQ and 0-G for moisture regimes

of subm:.renrs . , -a 10-: suction . Until the 9th week, there were no
 
differonc.:, [111 iiti hr ight of 05-6 betwn these two treatments. On
 
the other hind, ti're w'as a significnt (ecline in the height of IR-20
 
from the first wek af'tr imposing the mosture treatments.
 

Tiller count. Fi..ure 10 shows the effect of moisturp regimes on 
tiller production or"13-7O and 02-C. In general., IR-P0 produced more
 
tiller than O1-6 for all tMhe molsture r,. mes. There are, however,

significant diflferene:; auong T-PO and O-C response to moisture
 
.tress for tiller production. For 1-0 the average number of tillers
 
per plant declined with an incr.nse in moisture stress from zero to 75­
cm suction, remailned constant 
until lOO-cm suction and then decreased 
significantly with increase in soil moisture s;tress from 100-cm to
250-cm suction. High soil moisture stress, therefore, prolonged or 
accelerated vegetative growth of IR-20. 

For O2-C with a few'r tillers, there was a gradual reduction in 
numnber of tillers 
'isthe :;oil moisutre ;tress increased from zero to
 
50-cnn suction. There was no 
chanige in tiller production with further 
increase in stress up to 50 cm )I moistare suction. The relative
 
decrease in tiller count with change in moisture regime from submergence

to 100-cm suction was 33 percent in JR-20 compared with hO percent in 
OS-6. OS-6 may produce fewer but productive tillers at high stress, 
as compared with more but unproductive tillers in [[-20. 

Figures .l-lb depict th, tiller production of rice under four 
moisture regimes throughout the growth periods. It is interesting to 
note that for the submerged treatment, the maximum tiller production in
 
OS-6 was obtained ini 
 the 5th week and in IR-20 in the 7th week. However,

with the increase in stress, the number of tillers kept increasing even
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until the llth week after planting. For the high suction treatment of
 
250 cm, unproductive tillers were even being produced during the
 
reproductive phase of development. This was particularly true in the
 
case of IR-PO.
 

Days to heading and 505 flowering 

Figures 15 and 16 show the effect of various levels of moisture
 
stress on the number of days required for the heading and flowering of
 
IR-20 and OS-6. In both cases the number of days had increased with
 
increase in moisture stress. At. a low moistuxe stress there was no 
significant difference in the effects of moisture regime, however, the 
effect was vry s i -ificant at high moisture stress. 

As for O-6, there was a decrease in the number or days to heading

with chanre in s'.cil moisture i eqimu from submergence to zero suction,
 
followed by increase the with in stress.
an in days increase moisture 
The overall incrnase in the days to heading for OS-6 was by 23 percent,
with a maximum of it percent increase occurring as the moisture suction 
increased fr'm 100 cm to 250 cm (Fig. 15). The response of IR-20 was 
slightly different from that of OS-6. There was a slight increase in 
the number of days to heading with change in soil moisture regime from 
submergence to zero suction, followed by a plateau in the curve between 
the suction ranges of zero and 50 cm, and then a sharp increase from 50 
to 250-cm suction. The overall incruase in the number of days to 
heading was only 9 percent, with a maximum of h percent within the suction 
range of 100-250 cm (Fig. 15). 

The number of days to 50 percent flowering was affected, but slightly
differently from days to heading. For both OS-6 and TR-20 there was a 
steady increase in the days to flowering with an increace in moisture 
stress. The relative increase in days to fiowering with change in soil 
moisture regime from submergence to 250-cm suction was 21 and 24 percent,
respectively for OS-6 and IR-20. The response curve of both varieties 
stayed parallel for all the moisture regimes (Fig. 16).
 

Dry matter production. The dry matter production at different stages
 
of growth is shown in Figures 17-21 and Table 6. Both the moisture and
 
varietal treatments had significant effects on the dry matter production
at different stages of growth. There was also a significant correlation 
between dry matter production at different growth phases and the grain 
yield, and with total water use. 

Data in Figure 17 show that OS-6 consistently produced more try
weight than TR-20 at all moisture regimes and for different growth stages. 
The differences in growth and dry matter production were parallel for all 
the moisture regimes, indicating no or little interaction between varietal 
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and moisture effects. But the differences in dry matter production of
 
both varieties increased with increase in stage of crop growth.
 

Figure 18 shows the mean dry weight of' JR-20 and OS-6 between the 
tiller initiationi and maximum till.er ing staqe, as affected by different 
soil moisture regimes. Although the dry matter production decreas;.ed 
with increase in stress "or both Iw.-2o and 03-6, the initial rat," of
 
decline was grua er in fR-20. For e::ample, tihe etor dac .ie with 
change in moisture rerime from subimorred to saturated soil wa:. 0.03 
g/plant for 0,-6 as com 'ared with 0.3 ;/piant for ER-20, 10 times 
decrease in W-P"0 com ,ar d with Or-6. Thu o'.'rail decrean c for the 
entire ranue oW snl mosture suci. was pprcent for both 05-6 and
i! Vi 
IR-20. Pimilar raspons, was curwrvi "itihnh -rain fill.iinn stage (Fig. 
19). ,*ercas L(r wa. a dccli,_ in thq b'y rU: r production in 0S-6 
up to 50-cm ;ucti,, thnere wnr: r. hanr, j the case ,or TR-20 beyond 
75-cm of water ructLon. shi;; imir,,h'it soil moisturemtay the critic al 
potential for TWO in lower than t at HrI'0,-C. 

The P'A AtLraw yi.eld of 1R-?0 and (P-6 at different soil moisture 
regimes i .Ehewn in 'igres 20 and 2. Although OS-6 had higher straw 
yield than I-O0, Sere was no siniui cant dcrease in straw weight of 
0S-6 with increase in soil moisture stress From 25-250-cm suction. This 
plateau was reached in IWO,20 at a soil moisture suction of 100 cm. 

Figure 21 shows the changes ini dry mtt.er production in IR-20 and 
02-6 during di f'ferent growth stares anI a s influenced by various soil 
moisture regimes. T in iriterestini- to observe, that in the case of 
both IR-20 and O2-C, the maximtu ve -tative growth rate was observed for 
the submerged tre:atment. But there was a definite decline in the straw 
weight of the submerged treatment from 12th week to maturity. 

Plants under flooded and zero suctions have a consistently rapid 
growth rate during the vegetative growth period, with a sharp drop 
immediately after maturity, but those plants under zero and 100-cm 
suctions have a relatively smaller decrease after maturity. 

Plants grown at 250-cm suction contiiue to increase their growth 
rate even aFter the tKLIits in ti other tLree treatments had reached 
maturity arid growth had stopped comnpletely. This shews t;hat for plants 
under the hgh moisture stress the vegetative phase had lengthened 
considerably and g rowth had been unduly prolonged by ;rater deficit. 

Yield and cormp±onents. Data in Viq.ures 22-30 and Table 2 show the effect 
of moin tm' relirnc oni the yield componeits of the OS-C and U-20. 
Figures RV amid 23 dIict the grain yield of both varieties under different 
soil moisnture rnime:;. 0K-6 i ,nirfican ly outyicided ]R-20, except at 
the hi -wst soil mui;t ure stress of 7'- em of Wate-" suction. Once again 
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there was a small increase in the grain yield of oS-6 with a change in
moisture regime from submergence to saturation without submergence. The
percent increase in the grain yield of 0S-6 over IR-20 was 55, 110, 105,
90, 96, 6h, 168, 2 percent for soil moisture regimes of submergence,
saturated soil, zero suction, 25 cm, 50 cm, 75 cm, 100 cm and 250 cm of
moisture suction. It is interesting to observe that the maximum

difference in the yield of IR-20 and 0S-6 (168%) occurred at 
a sr.1
moisture stress of 100 cm suction. Obviously, for this sandy soil,
suction of 250 cm is equally detrimental (lethal) for both varieties.
 

Figure 2h shows the grain yield per cm of water used. From floodedtreatment to about 100-cm suction, OS-6 had consistently higher yieldper cm of water. There was a slight increase in the WUE of IR-20,suction ranging from 0 to 75 cm, because the 
for 

LAI and the water requiredto maintain desircd suction decreased. However, there was a sharpdecrease in W.ULJ.the o' IR-20 with increase in suction to 100 cm. TheWUE of 0S-6 did niot change over the range ofr submergence, zero suctionup to 100 cm of' suction. The grain yield in 250-cm suction was practi­cally zero in both varieties; hence, the WUE at that suction is also 
zero or of little practical significance. 

It is interesting to compare grain yield of IR-20 and OS-6 as a
function of the cumulative soil moisture stress 
(Fig. 25). os-6 had
higher grain yield than IR-20 for all the stress 
ranges. In a way,
IR-20 did not have the same level of cumulative stress as 0S-6 at 
a
given soil moisture regime. 05-6 is definitely a superior variety for
upland or harsh moisture regimes. The relative yield of IR-20 comparedwith 0S-6 at cumulative soil moisture stress of 10, 20, 30, 40, 50­meter-days was, respectively, 0.48, 0.59, 0.38, 0.46, and 0.57.
 

The analysis of the yield components gives interesting information
 as 
to the source of high yield of OS-6 compared with IR-20. The unit
grain weight of OS-6 was definitely superior to that of IR-20 at all the
moisture regimes. 
 Whereas the unit grain weight of IR-20 decreased with
increase in mcisture stress, there was 
a slight increase in the unitgrain weight of 0S-6 between the suction range of submergence and 100 
cm.
Perhaps molding of grains and other fungal incidence on 0S-6 during
submergence had adversely affected unit grain weight. 
The unit grain
weight of 0S-6 declined significantly only at the highest drought stress
 
of 250-cm suction.
 

Number of grains/panicle was 
also more in 0S-6 than IR-20 for all
the moisture regimes investigated (Fig. 27). 
 The 0S-6 had more grain
count/panicle than IR-20 by 48, 49, 11, 52, 27, 43, 61, and 147 
percent,
respectively at soil moisture regimes of submergence, saturated soil,
and suction of 0, 25, 50, 75, 100 and 250 cm. 
 The significant decrease
in the number of grains/panicle in OS-6 occurred only at soil moisture
 
regime of 250-cm suction (Table 4).
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Although the number of panicles/pot at harvest was more in IR-20
 
than in oS-6, most of these panicles were empty and unproductive (Fig.
 
28). Consequently the total weight of panicles per pot in 0S-6 was
 
significantly greater than R-2O for all the soil moisture regimes
 
investigated (Table 4). The relative panicle weight per pot in IR-20
 
compared with OS-6 was respectively, 0.49, O.9, 0.54, o.45, 0.54, o.64,
 
0.38, and 0.42 for the moisture regimes listed in the increasing order
 
of soil moisture stress. 

Total number of sterile grains per pot did not follow a definite
 
pattern in both varieties in relation to soil moisture stress (Table 4).
 
However, the percentage of sterile grains in OS-6 was more than that of
 
IR-20, particularly toward high soil moisture stress. Because grain
 
yield of OS-6 is significantly higher than that of IR-A0, despite the
 
fact that floral sterility in 02-6 was also high, this may imply that 
the maximum yield potential of' 0,-6 under drought stress is significantly 
greater than that of IR-20. There is a considerable scope for yield 
improvements in 02-6 both in terms of renetic manipulations and in soil 
and water managam:nt. 

The influence of' soil moisture regimes on the yield index of IR-20 
and OS-6 is shown in Figure 30. The yield index is defined as the grain: 
straw ratio. The data indicate no s:ignificant differences in the yield 
index of TR-20 and 0S-6. Soil moisture stress of 250-cm suction, 
however, significantly suppressed the yield index, more of 0s-6 than of 
IR-20. 

Conclusions
 

1. Along with appropriate field studies, greenhouse evaluation can be
 
useful in screening rice varieties for drought resistance. The
 
yield components that are most drastically affected by drought
 
stress include floral sterility, unit grain weight, and panicle
 
number.
 

2. The stage when rice is most vulnerable to drought stress is from
 
maximum tilleriri, to ieadrijg. 

Some conclusions from the qrrrynhouse studies at IITA comparing 
the effects of drought stress on I H-20 and 02-6 are sumnarized below: 

a. Increase in cumulative moi.sture stress was accompanied by a 
decrease in total amounti, of' waiter u:,ed by each rice variety. 
'This can be explained thu:: that increase in cumulative 
moisture s tr;ss has a direct affect in reducing the growth 
and development rate ofr the ric, plant. 'I'his; efec t is 
exhibited by the prod uction orf small-sized plants that need 
a limited quantity of water to carry out their metabo]ic 
processes. Thus, growth is consistently reduced and water 
use correspondingly limited.
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b. Some moisture stress (such as existed in a saturated but 
unsubmerged soil) increased the grain yield of oS-6. This 
observation must be related to the intrinsic characteristics 
of OS-6 rice plant to perform better under upland conditions 
than in flooded paddies, provided however, there is adequate 
supply of water for good growth and development. 

c. The main effect of high moisture stress on both rice varieties 
seems to have been in prolonging duration of vegetative growth 
coupled with decrease in yield. 

d. The critical moisture potential for OS-6 is lower (more 
negative) than that of TR-20. 

e. Consequently OS-6 outyielded IR-20 at all levels of soil 
moisture stress. 

f. The yield differences in OS-6 over that of TR-20 were attribu­
ted to the former's ability to produce bold grains, a higher 
number of grains/panicle and longer panicles. 

g. Although the number of tiller production in IR-20 was greater 
than in OS-6, OS-6 was definitely superior to that of IR-20. 

h. Some characteristics of OS-6 that are unfavorable to upland 
conditions, include leafy canopy and lodging, caused by soft, 
slender and long straw. Genetic manipulation can, therefore, 
be done to transfer superior shoot characteristics into OS-6 
to further improve its performance under upland conditions. 
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9. PLANT-WATER STRESS IN RELATION TO SOIL MOISTURE POTENTIAL
 

Little work has been done on 
the effects of moisture stress on leaf
 
moisture potential and transpiration rates of rice. Larcher (1963)

observed that among crop plants investigated, "only the ephemerous,

annuals were exceptional by their high productivity per unit transpira­
tion"; i.e. they yield considerable dry matter with relatively low
 
transpiration. Maximor (1923) working on potted plants rrown under soil
 
moisture conditions of hO-60 percent of field capacity reported that; 
all the plant:s grown in the drier soils yielded less dry matter and that
 
7 out of 1 plants in the dry soils reduced their transpiration more 
than their dry matter production, so that the:;: plants transpired more 
profitably than :Lieir control, which recI ved ann c ti m' amount of water. 
Tulaikov (1922) anid Tamanov (1907) have reported similat r s ult. 
Tumanov measured wate, consumption "d dry mat to , production of :;ome
 
culuivated plants throughout development from see(ling to harvest and 
calculated theu ,-'f'iciency of transpiration for 2acn stage of development. 
He observed that the urffi .ency of transpiration will increase with
 
increasing soil dryness on 
the average over an entire growing season,
 
provided that wilting does not occur too frequently or for too long
 
during critical growth stages.
 

The work reported by many re'sarchers (Loustalot,1945; Polstor and
 
Neuwirth, 1)60; Neuwirth and Polste r, 1960) concerning water stress and
 
efficiency of transpiration indicates that the efficiency of transpira­
tion increases with increain, soil dryness, on tle average over an 
entire Crowing season. This was also observed for .ce as shown by

the data prescnted in Chapter 8.
 

Theoretically, decreasing transpiration is oa w,a matter of 
increasing the resistance existing in the series of conductors; the soil 
itself, cells of the root, ;ylem cells, the epidermis and the diffusion 
as it occurs across the stomatal inter-cellular space into the atmosphere.
However, most of the resistance to transpiration lies in the epidermis 
of the leaf and the air above it (Spencer, 1957, and Waggoner 1965). 
In terms of transpiration it has been reported that stomatal resist;ance 
(r.) becomes l:imiting but with wide stomatal openings the external 
environmental factors (r.) are more effective on transpiration rate
 
(Stalfelt, 1956). However, from works of Larcher (1963) Gastra, (1959;
 
1962) and Visser, (1963), the rate of efficiency of transpiration is 
determined by the diffusive resistances existing in the leaf epidermis
which depend on leaf temperature and the vapor pressure deficit in the air.
 

Stomatal behavior can be used as an index in inves tiI ting drought
resistance in rices. lxperiments conducted at International ieQ Research 
Institute (1973, 1975) indicated that there was a higher stomatal 
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resistance in upland than in lowland rice varieties when grown under
 
similar conditions of soil moisture stress. However, stomatal
 
behavior is not a critical test, because its response depends on many
 
factors.
 

Martin and Juniper (1970)have reviewed the physiological effects
 
of cuticular resistance t& water loss during drought stress. 
 However,
 
the water loss through cuticles is rather small compared with total 
evapo-transpiration. 
Larcher (1976) reported that cuticular water loss
 
ranged from 0.05 percent to 32 pererent in different species. Yoshida
 
and Reyes (1976) reported cuticular resistance values of 116 and 112 
sec/cm for sorghum and maize, and that of the resistancr of upland rice 
varieties was observed to be more than that of lowland. 

In most of the studies reported, the exact effect of the soil drying 
on various growth phases of' crop plants and on the moisture relations 
of the plant itself' is not investigated. Mukherjee and Narala (1973)

measured the diffusion pressure deficit (DPD) in rice leaves over a
42-day period. 'lie DPD, monitored by the dye immersion technique was 
negatively correlated with soil moisture content. 
 In the first 10 days,

moisture depletion of the order of 5.25 percent, had little effect on 
the leaf DPD. An increase of 85 percent in DPD was observed for the last 
22 days when the soil moisture content under rice decreased from 14 to 
4.2 percent. Similar studies have been reported by Singh and Pande 
(1973), although they did not observe any significant differences in 
tissue hyrdration among rice plants grown under submergence, cyclic

submergence, or saturated soil conditions. 
Nevertheless, the tissue 
hydration decreased significantly with increase in soil moisture stress, 
during any phase of crop growth. 

Tomar and Ghildyal (1973 a, b) reported diurnal variations in water
 
deficit, resistance to water transport, and the internal plant-water
 
relations of IR-5 rice. Wilting in IR-8 occurred at a turgor pressure

rather than due to the complete absence of the turgor pressure. Wilting
 
was also found to be associated with marked change in the elastic
 
properties of the leaf tissue. The wilting also occurred simply due to
 
change in the resistance to water movement iLn plant tissues, and was not 
even directly related to the 15 bar soil moisture suction. Tomar and 
Ghildyal (1973b) also compared transpiration rate and leaf water 
potential of rice grown under submerged conditions with that grown at 
soil moisture suction of -0.33 bar for 56 days followed by no irrigation
until when wilting occurred. The transpiration rate decreased with 
increase in leaf water potential (more negative), but it was independent
of the depletion of soil moisture content above 0.21 (-0.8 bar) and 
0.18 (-2.0 bar) for plants grown in submerged and unsaturated soil 
conditions, respectively.
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Greenhouse studies were conducted at 
IITA to investigate the cffects
of soil moisture stress 
on leaf moisture potential anO th diffusive

resistance. 
 Leaf moisture potential was monitored by Pressure Bomb

equipment. The diffusive resistance was measured by Diffusive Resistance

Meter Model LI-60, technique developed by Kanemasu et 
 i (1969). Leaf
moisture potential measurements were made at 
(i) mid tillering, (ii) panicle
initiation,(iii) 50 
percent flowerin6,-, "nd (v) 
at qrain filling stage at
0730, 1100, l00, ard 1600 during 3 consecutive days. leaf diffusion 
rates were monitored simultaneously on identical or the same 
leaves before
 
they were detached for the Pressure Bomb measurements.
 

In determKinqi, the 1i.. resistance (r) the following 	procedure was
followed: Horintal e:. Model I,]-15I was used to measure leaf
moisture diffusion rates in IR-PO 
 id n -6. 	The leaf was inserted

between the 
sensor cups br fore miier revdinas were taken. 
 With the rubber
bulb attachd to the dry tube, dry air was pixriI)ed into the sensor cup

until the meter read 10 on HUM-
 rnqa. This level of drying was maintained
for all meter ,:'ad ins througrhout the experiment so as 
to ensure 	the

essential 	accuracy needed in 
thn readinas obtained by this meter. 

The meter 	was calibrated to transit times between )10 and 80 (HUM-2range) and the time lapse between hO and 80 for each leaf wai measured

with a stop watch. 
 This time lapse was recorded as 't' for each leaf.

The air temperature for the leaf was 
also read and recorded in Micro-Amperes
from Se meter. Micro ampere rondnmrs were converted 	to degrees centigrades
(0C) by the use of a calibration curve. The temperature was also obtained
 
from the slope curve. Leaf resistance, r., was calculated from the
 
following equation:
 

rs = ro + t/s 

where 	 r = Leaf resistance
 

S Temperature slope (t/r) 

r 0 -2.11 sec. cm- , intercept of temperature
 
calibration lines 
on the atscissa.
 

t 	 Time lapse between 40 and 80 meter transit 
time on HUM-2 range. 

Three sample readings were taken per treatment and the average

resistance recorded.
 

This diffusion poro-meter and the accompanying moisture sensors are
capable of determining resistance to water loss by intact leaves with a
high degree of accuracy. A bead thermistor forms a component part of the
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sensors and this presses gently against the leaf to permit leaf temperature
 
measurements simultaneously.
 

In estimating the Leaf Moisture Potential the pressure chamber
 
technique was employed. Leaves of TH-R0 and OS-6 rice varieties 
were
 
sampled for this determination. Care was taken to sample areas of leaf
 
blade that had identical exposure to or shading from incoming radiation. 
These samples were taken from adjacent areas on both sides of the mid­
vein. The leaf half was slipped between the smooth surface of a split
rubber stopper previously coated with silicon crease and inserted into 
the inner cover which was then fixed on top of the pressure bomb chamber. 

With the bleeder and flow regulating valves closed and the gauge
shut-off valve opened, pressure was applied from a cylinder of compressed
nitrogen thiough the pressure regulator. As the regulating valve was 
opened, pressure was gradually increased at a uniform rate of about 10 
pounds per Lecond. The cut end of the leaf protruding about 6 tmu above 
the surface was observed with a magni fying glass. When water first 
appeared along the cut surface of the leaf the pressure reading was 
quickly recorded and the regulating valve closed. Then the bleeder valve 
was opened to vent out the system of the compressed air. When the 
pressure gauge read zero, the outer cap was unscrewed and the leaf sample
 
was removed from the pressure chamber. 

The analysis of variance table of F ratio and th. numerical data of 
the leaf diffusive resistance and leaf moisture potential are shown in
Tables 1, 2 and 3, respectively. There are significant effects of variety
and soil moisture regimes on both the diffusive resistance and the leaf 
water potential. Detailed analysis of the results is presented below: 

Diffusive resistance. Leaf resistance to water loss (r.), a measure of 
leaf moisture diffusion rate at different stages of growth, is shown in 
figures 1-5. At mnid-tillering stage (Fig. 1), there was a significant
increase in leaf resistance with increase in moisture stress under this 
investigation. The varictal effects on the leaf diffusive resistance 
were not significant. The leaf diffusive resistance increased with 
increasing moisture from suction P50-cmstress zero to suction. 

At panicle initiation stage (Fig. 2), there were no significant
differences in the leaf diffusive resistance of IR-20 and OS-6 for the 
soil moisture regime ence, saturated and suction rangesof submergi soil, 
of up to 100 cm of suction. But the highest soil moisture stress of 
250 cm, the diffusive resistance of 0'-6 was significantly higher than 
that of IR-20.
 

Within a given variety, moisture regimes had a high.ly significant
effect on leaf resistance at mid-tilluring and at panicle initiation stage. 
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jtg*
 

(2)
 

.... .......
 

IEm
 

Plate 1. 	Pressure chamber for monitoring
 

leaf water potential.
 

Plate 2. 	Monitoring leaf water potential
 
in the green house.
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Table 1. Analysis of variance table of F ratio.
 

Source of 
 Leaf resistance Leaf resistance Leaf resistance 
 Leaf moisture Leaf moisture
 
variation 
 at panicle at flowering at grain filling potential at potential at
 

initiation 
 flowering grain filling
 

Variation (V) 0.21 
 0.35 10.9** 10.!** 106**
 

Moisture regime (M) 6.0** 5.2** 
 0.5 2.7* 9.6**
 

V)I 1.9 0.8 0.6 0.7 0.7
 



1 70
 

Table 2. Diffusive resistance in IP-20 and OS-6 at different soil
 
moisture regimes (Sec. cm­1 ). 

Panicle initialSoil moisture regime____________ 50% flowering Grain filling 

IR-20 os-6 IR-20 os-6 IR-20 OS-6 

Submergence 3.79 2.79 3.26 3.34, 3.h3 57 

Saturated 4.19 3.8) 3.23 3.9), 3.53 4.11 

Zero suction 3.95 3.70 3.15 3.23 3.01 4.6o 
25-cm suction 4.02 3.19 3.05 3.37 3.26 b.19 

50-cm suction 3.81 3.89 3.65 3.55 3.27 4.27 

75-cm suction 4.15 3.89 3.75 3.55 3.79 h.15 

100-cm suction 4.43 1.2i 3.59 4.05 3.93 )4.64 

250-cm suction 4.98 6.95 5.07 4.9 4.34 4.29 

LSD (.05) 0.47 0.32 o.48 

LSD (.05) 0.62 0.43 o.64 

CV (%) 22.8 17.5 24.0 
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Table 3. Influence of soil moisture regimes on leaf moisture potential 
(lb/sq. foot). 

Soil moisture regime 
Flowering stage Grain filling stage 

IR-20 os-6 IR-20 os-6 

Submerged 235 1.9) 221 161 

Saturated 224 210 210 164 

Zero suction 210 179 208 174 

25-cm suction 201 201h 229 179 

50--cm suction 230 205 225 206 

75-cm suction 218 208 250 194 

100-cm suction 23I 232 2140 194 

250-cm suction 259 224 271 218 

LSD (.05) 12.5 9.2 

LSD (.05) 17.0 12.2 

CV (%) 11.7 8.7 
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resistance measured at the panicle initiation stage.
 



174 

The relative increase in the diffusive resistance of OS-6 at high soil
moisture suction was greater at panicle initiation stage than at mid­
tillering stage of rice growth.
 

At the flowering stage (Fig. 3) OS-6 also showed higher diffusive
resistance than IR-20 for most of the moisture regimes investigated.

The differences in the diffusive resistance amnong two varieties were not
significant. 
 Moreover, the relative increase in the diffusive resistance

(r. with increase in soil moisture stress was only slight. 
 It is
interesting to observe that cloudy atmosphere with low, incoming radiation,

high humidity arid low ambient temperature was responsible for this
 
slight difference in the diffusive resistance.
 

The data in Figure 4, concerning the leaf diffusive resistance of
IR-20 and OS-6 at grain filling stage indicate significant differences

in both varieties. OS-6 had significantly higher leaf diffusive
 
resistance than IR-20 at all moisture regimes. 
 This implies that the

resistance of 0S-6 to dehydration is greater than that of IR-20.
 

Figure 5 shows the variation in leaf resistance at different growth

stages. The highest resistance to water loss was observed at panicle

initiation followed by that at the grain-filling stage. The lowest rs
occurred at the 50 percent flowering stage of Igrowth. From mid-tillering

to panicle initiation stage, 0S-6 had higher rs values than IR-20.

Obviously, these are the critical growth stage.. 
for grain development.

These observations indicate differences in mode of leaf resistance to
water loss through transpiration at various growth phases of IR-20 and

0S-6. Furthei, physiologically oriented research is required to investi­
gate anatomical differences in leaf structure of IR-20 and OS-6.
 

Leaf moisture potential. 
 Figures 6, 7 arid 8 show the leaf moisture

potential of IR-20 and OS-6 at both flowering and grain-filling stages.

There was a significant decrease in leaf moisture potential with

increase in moisture stres 
, in the two varieties. However, there were
significant differences in the leaf moisture potential of IR-20 and OS-6,
at a given soil moist.re stress. 
 IR-20 had a lower leaf-water potential

(Ly) at the flowering stage (Fig. 6) at all the soil moisture regimes,

except for the submerged treatment when there were no differences in soil
moisture potential. The leaf moisture potential of 0S-6 was higher than
IR-20 by 12, 5, 15, 10, 5, 8, and 2 percent respectively for soil moisture

regimes in the increasing order of soil moisture stress. 
The varietal

differences were more pronounced in the medium range of moisture stress.
 

At the grain filling stage (Fig. 7), there were no definite trends
in the leaf moisture potential of both varieties. Though in both

varieties the leaf moisture potential decreased with increase in soil

moisture stress. 
 This contrast in the leaf moisturc potential of two
varieties at 
2lowering stage and grain filling stage may be attributed to
the differences in physiological growth stages of tw¢o varieties, not only
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to differences in maturity time but also due to differential lag imposed
 
by the soil moisture stress on physiological growth stage of the two
 
varieties. Comparison of the leaf moisture potential of the two
 
varieties for these two stages of growth is shown in Fig. 8. There was 
a significant decrease in the leaf moisture potential of IR-20 at the
 
grain filling stage compared with the fl'oweringr stage. OS-6 did not show 
any significant in leaf - at given stre3schange the moisture 'tential a 
during these two growth stages.
 

The leaves of different ages sampled for leaf moisture potential
 
indicated a wide variation in potential values for the old compared to
 
young leaves (Fig. 9). Leaves 5 and 6, the oldest, had lower leaf
 
moisture potential than the most active leaves. The variation in leaf
 
moisture potential of leaves, 1, 2, 3, and hiwas somehow noteworthy, and
 
do not differ significantly among one another. Because these are regarded 
as the most active leaves, leaf 2 was chosen for the standard measurements, 
such as those reported in Figures 7-9. 

Measurements of the leaf moisture potential made at different times
 
of the day (Fig. 10) showed a wide variation in the potential values for
 
the two stages of growth. At tho "1owering stage, the leaf moisture
 
potential of submerged treatments of both IR-20 and OS-6 decreased with
 
increase in time from 0800 hour to 1000 hour. But there was a signifi­
cant decrease in the leaf moisture potential at 1300 hour, the period
 
of highest evaporative demand. The leaf moisture potential of the highly
 
stressed plants (250 cm suction) did riot show any significant c'urnal
 
changes.
 

The diurnal fluctuations in the leaf moisture potential at the grain
 
filling stage were significantly different from those at flowering stage
 
of rice growth. The highest (lesser negative) leaf moistu:'e potential
 
was observed during the early hours (0800) of low evaporative demand.
 
The leaf moisture potential decreased significantly with increase in the
 
evpourative demands later ir the day (Fig. :0b). Once again IR-20 had 
lower leaf moisture potential than oS-6, particularly at high suction 
(250 cm) and when the evaporative demand was high (1300 hour). These 
results are quite significant when characterizing the growth parameters 
of IR-20 and 0S-6 in terms of their response to soil moisture stress. 

Transpiration rate. The leaf moisture potential and the diffusive 
resistance are the components of transpiration rate. The efficiency 
of transpiration at the different growth stages as affected by soil 
moisture regimes is shown in Figures 11-15. 
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At the seedling stage (Fig. 11), the efficiency of transpiration did
 
not differ between the two varieties at low moisture stress. 
Up to a
 
soil moisture suction of 100 cm, there were no differences in the
transviration efficiency, the valueand mean was about 0.03. There was
 
a slighL increase in the transpiration efficiency, with increase 
 in

moisture stress. The transpiration efficiency at the tillering stage

(Fig. 12) was significantly greater than at the seedling stage. Though
the varietal differences were significant atnot the high soil moisture
 
stress, the transpiration efficiency of oS-6 was greater than that of
 
IR-20 at low level of soil moisture stress e.g. below 100 cm of water
 
suction.
 

The transpiration efficiency generally increased with an increase in

growth stage and At
(Figs. 13 1h). the grain filling stage, the transpi­
ration efficiency of 0[S-6 was greater than IR-20, but did not 
 signifi­
cantly decrease with increase in moisture stress. The transpiration
efficiency of IR-0, however, declined from submergence to 25 cm suction. 
At 250-cm suction, the varietal differences were non-existent.
 

There were significant varietal differences in the transpiration

efficiency at maturity (Fig. lhi). 
 The oS-6 had higher efficiency than
 
IR-20 at all moisture regimes. The transpiration efficiency of OS-6
 
did not differ significantly with increase in moisture stress, but that
 
of iR-20 increasedup to a soil moisture stress of 75 
cm. Significant

influence of growth stage on the tranp:iration efficiency of IR-20 and
 
oS-6 is shown in Fig. 15 and Table h.
 

Yield in relation to leaf moisture status. In Table 5 are shown
 
coefficients of linear correlation of leaf moisture potential and diffusive
 
resistance with grain and straw yield and other yield parameters. Leaf
 
moisture potential at 50 percent flowering and at grain filling stage

had a significant negative correlation with grain yield, straw yield,

numnber of grain/panicle, panicle/weight, unit grain weight, dry matter

production at various growth stages, and with plant height at flowering

and at harvest. 
 Number of days to heading were positively correlated 
with leaf moisture potential. The correlation coefficient of leaf 
resistance with yield and parameters were generally lower than that with 
leaf moisture potential. Leaf resistance measured at grain filling stage
had no correlation with grain and straw yield. 
Leaf resistance at
 
panicle initiation and at 
50 percent flowering showed a significantly

negative correlation with grain yield, straw yield, and number of
 
panicles/pot. There was a positive correlation between days to first 
heading and to 50 percent flowering with leaf resistance. 

A careful analysis of the data in Table 5 supports the concept of
using Pressure Bomb technique for assessing the leaf moisture status. 
The Pressure Bomb technique is the most direct method of assessing
plant-water status. This technique is 
a destructive method and can only 
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Table 4. Efficiency of transpiration.
 

3rd week 4th week 5th week 6th week 12th week 
Treatments 

TR-0O os-6 IR-20 os-6 IR-20 OS-6 iR-20 0os-6 IR-20 os-6 

1. Flooded 0.007 0.011 0.097 0.109 0.037 o.^h2 0.081 0.099 0.228 0.326 

2. Saturated 0.0l4 0.013 0.075 0.099 0.037 o.09 0.0o64 0116 0.230 0.278 

3. Zero suction o.Ol4 0.013 0.115 0.099 0.047 0.058 0.082 0.114 0.195 0.235 

4. 25-cm suction 0.021 0.018 0.092 0.090 0.059 0.058 0.097 0.107 0.205 0.227 

5. 50-cm suction 0.021 0.022 0.093 0.101 0.054 0.053 0.108 0.110 0.236 0.251 

6. 75-cm suction 0.035 0.027 0.084 0.120 0.078 0.071 0.121 0.112 0.175 0.263 

7. 100-cm suction 0.056 0.055 0.134 0.106 0.068 0.064 0.109 0.122 0.194 0.227 

8. 250-cm sucton 0.686 0.252 o.163 0.153 0.131 o.116 0.207 0.180 0.267 0.259 
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Table 5. Correlation coefficient of leaf moisture potential and diffusive resistance to
 
yield and yield parameters. 

Teaf resistance Leaf resistance Leaf resistance Leaf moisture Leaf moisture 
Parameter at panicle at 505 flowering at grain potential at potential at 

initiation filling 505 flowering grain filling 

Grain yield -0.40 -0.31 0.07 -0.37 -0.70 

Straw yield -0.19 -0.17 0.13 -0.43 -0.71 

Grains/panicle -0.14 -0.15 0.18 -0.47 -0.48 

Panicles/pot -0.86 -0.2L 0.38 0.27 -0.38 

Panicle weight 0.16 -0.08 0.38 -0.41 -0.63 

Unit grain weight -0.12 -0.20 0.40 -0.35 -0.70 

Straw weight at 
mid tillering -0.17 -0.09 0.40 -0.30 -0.52 

Straw weight at 
grain filing -0.29 -0.26 0.12 -0.27 -0.61 

Days to first heading 0.37 0.35 0.30 0.36 0.2: 

Days to flowering 0.38 0.47 0.35 0.10 0.04 

Tillers/plant -0.05 -0.21 -0.39 0.30 0.43 

Plant height at flowering -0.14 -0.02 0.36 -0.43 -0.73 

Plant height at harvest -0.11 -0.02 0.36 -0.39 -0.72 
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be used under field conditions to evaluate the performance of a large
number of plant genotypes subjected to similar evaporative demand and a

given soil moisture stress.
 

Discuss ion
 

Leaf moisture potential and transpiration rate (i.e. leaf resistance
for water loss and transpiration efficiency) vary under different levels
of moisture regime at the early stages of'growth, but at maturity these
remain unaffected by the different moisture treatments.
 

These observations suggest that the processes of metabolic rates
are most affected by moisture stress during the active growing period
of the rice plant. At maturi ty, the moisture stress effects on leaf
mcisture potential and trans r..ration rates are negligible.
 

The leaf moisture potential and leaf resistance measured at initial
flowering and panicle development stage are significantly (negative)
correlated with grain yield. 
This indicates that moisture stress is

critical during those phases of development.
 

There are sigiificant varietal differences amongst IR-20 and 0S-6in terms of their leaf diffusive resistance and leaf moisture potential,particularly at modest levels of moisture stress e.g. 50 to iOO cm of
water suction. 
Variety OS-6 had generally more favorable traits at this
 
stress level than IR-20.
 

The transpiration efficiency of OS-6 is superior to IR-20 at
flowering stage, grain filling stage and at maturity. 
Moreover, the
transpiration efficiency of 0S-6 is not significantly influenced by soil
moisture stress, indicating a greater stability in this cumparison of
the leaf diffusive resistance and Pressure Bomb measurements in relation
to grain yield and overall crop performance. This indicates the superio­rity of the Pressure Bomb method for screening genotype in terms of their
drought tolerance. 
The Pressure Bomb indicates the energy status of
the moisture in the leaves and is not directly influenced by conditions
of temperature and humidity. On 
the other hand, the leaf diffusive
resistance is a function of so many other uncontrollable parameters e.g.
temperature, humidity, dryness of the leaf etc.
 

The Pressure Bomb technique 
can perhaps be further improved by
determining the relationship between leaf moisture content and leaf
moisture potential e.g. leaf moisture characteristics (similar to soil
moisture characteristics). 
 In a clayey soil, the available water holding
capacity is grea:er and inflection point is less sharp than in sandy
soil. Similarly, the range of water retention in a drought tolerant
variety may be greater than in the drought susceptible variety.
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But this analogy should be applied with caution. A vigorouslygrowing plant, with more activ ,- metabolic rate, may have lowerwater potential than stunted plant wi 
leaf 

th no growth. '].ereore, comparisonof the growth characteristics witih the leaf moisture characteristics mayprovide a better index for s:creeing variptii t:es a,Lainst droulht tolerance. 

Varietal ;election For droug}ht tolertance cant he based on measurementsof leaf water potential at a given soi11 moisur(e stres. Since leafrolling and I wckter potential are related, a visual leaf scorethe magnitud of' leaf' rolling can bu u;ed 
for 

as a field criterion forscreening qurmpltsm against drought tolerance. 



194 

References
 

1. Gaastra, P., 1959, 1962.
 
Cited by Kramer, ]'.J. "Plant and Soil"McGraw-Hil Book Company, New York).
 

2. Hurd, E.A. .1.68. 
Growth of roots of seven var! et lo rimof' spr wheat at high and low moisture 
levels. Aaron. J. 60; 01-O5.
 

3. IRRI ( Int,.st ioil Rice Nescuarch Istitute) 1973.
 
Annual Report oi' 197Y. FHR , lou ianos, Philip pines.
 

i:at,ioLi HieB, hyLi Lute)A. -H I (lt: al Bes,'li Inh 1975. 
Annual Bport 'ofi1970. R.I , Los Banos, 11i.tipprn.s. 

.5. Kanpm su,i E.1.; P.rM Thur;ell; and P.B. Tonner. 1969. 
Design ca ibr"ai ]on and friTld 
use of a s maLa diffusion porometer. Plant
 
Phys. h : 3 -8' .
 

6. Larcher, W. 1)63.
 
Cited by ,latyer R.O. "Plant and Water Relationship," 1967. (Academic
 
Press, London & Nw York).
 

7. Lou.;LaIot,, A.,. 19Q .
 
Influenc o 2l M; 1.lire
sni' no condi Lions on aparent photosynthesis and
 
transpiration of pecan leaves. 
 J. Agric. Res. 71 : 519-532.
 

8. Martin, J.'. and Juniper, B. ,. 1970. 
The cuticles of plants. New York, St. Martins Press, 347p. 

9. Maximor, N.A. 1973,
 
Cited by Slavik H. "Water ,tress. n Plants
 

10. Mukher.;ee, B. K.; and R.1'. Naral.a. 1973.
 
Influence of soil muistu.Lr de pletion ,i inl;ernal water relations of rice.
 
Riso 22 (1): 51-53. 

J.1. NeuwIrth, G.; H. Polster, 1960. 
Cited by Slavik B. 'Water Stress In Plant s" 

12. 0'Toole , J.0'.; and T.'1'. Chanm. 1977. 
Drought; resi;tance in cereals: Rice a case study. Paper presented at 
the International Confeurence on stress 
physiology or plants useful for 
food production. Boyre Thompson Institute, Yonkers, New York, June 
28-30, 1977.
 

http:muistu.Lr


195
 

13. Singh, P. ; and If. K. Paride. 197(3.

Relationshin between t itrsue hydration and growth 
 and yield of rice
varieties under evi: ofr ;oil moi;ture and fertility. 11 Riso 22 (i) 55-58. 

ih. Slav:k, H. 1963.
 
Relationship b,:L wLnv Lit omnotL pokLn I the
:i e 'nt. or cel. sap and the water 
satuatiorl d,.ficiL. t;o C)1 ,I ,I durinv w r.i!,tLk:ue. Slavik - "Water
 
Stress in Plants" 'ro,':ed.ing:; o[" a Sypoi ,o:, m held in
u Prague, Sept-Oct. 
1963. 

15. Spercor, :.J. 1957.
 
Experimental studios on lactors
the controlling transpiration. The 
Interrl:]atio nis uLowewn tLrans;p1raton stomatalrLates , movement and leaf
 
content. J . . Bot. 8 7.
13-

16. St!1 INL, M.C. 956b.
 
Cited by , l , B 
"Watr ,tro;; i.ri Plants" Proceedings of a Symposium
 
held in NurL .u,, rL.- , ., 196".
 

17. Tofatr, V. A. ; d !. P. qhLldyal. 1973a. 
Shoot note on ,h, wilin, henomnon in crp plants. Agron. J. 65 (3)
51.4-51n5.
 

18. Tomer. V.S.; and B.PI. 9liildyal. 1973b. 
In tornial loar watr:L;Lu anid, tr'ans o nt of' water in rice plants. Agron.
,j. 65 (6) : 86 -'. 

19. Tullakov, U. 19Y. 
Cited by ,,avik, B. "Water ,tree,,n IA'lants". 

20. Tumanov, J.J. 1,)".
 
Cited by Alavik, B. "Watu:r ,tros , r I 'ants"
 

21. Vi:,-r, W.C. .96h.
 
Moisture r"i, i, mons of crop:; and rahte of mnoi sture 
depletion of the 

.is ,and Teh . soi ] N I ',l . .i',.' ei. ,:,". V.38. 

Ciited by :lAtver, V.P. 'Plant Waler Klutirs;hips' 

23. Yorh id., K., ard E. do Los Mo,:. 1)76.

Leaf out i.l ar oso;i tane of r i' vatri s. ,oI. Sci. 
 and Plant Nutr 
2 (2) : .169-180. 



196 

10. ROOT GROWTH IN RELATION TO SOIL MOISTURE STRESS
 

Selection of rice varieties for upland conditions should also take
 
into consideration the nature of the root system development of that
 
variety. The desirable root characteristics for upland conditions should
 
consider (i) an extensive deep root system in the initial phases of 
development so an to avoid dry and hot surface soil, (ii) extensive
 
lateral root systom dv opmant to help feed 
 and extract moisture from
 
the inter-row none , (ILL) uh, uroow shoot weight should be
r.iou' : 
high so as Lu avoid ]od:i n and to Ynable cover larger soil volume,
(iv) the root dia,,:atr "and the weight per unit lenith should be larger
for upland condit ions. A thin and fibrou:s root system is more desirable
 
for paddy than Ar uld and cond i
tion. 

The eflect or moisture , ru'.s on the root' sys term development of 
rice is not, w-L1 understood. It is, how-ver, desirable that a suitable 
upland vari b, zhould ,velop a du, p and extcnsive root system to combat 
droughl stn,n;. The systematic screnini, ur varieties for their drought
tolerance unir upland conditions should take into consideration the 
influence of drouqht stress on root system development. For example, 
Jana and Childyai (1966) reported that otimurn matric potential for the 
development of radical in rice was 100 millibar (rib). Yamragata (1960) 
observed that witL irrQcAtLon, the numbr or roots was high and the 
branches developed well. MurtLi. (L969) reported significant differences 
in the rat of root el.o!iration of upland and swamp rice varieties. 

Fuji (1961) reported that the curvature of the roots growing under 
upland soil was different from those growing in paddy. Varontsov (1965)
observed that submersion had harmful effect on root system development. 

Similar results have been reported by ,oegima and Kawata (1969).
Kawata et al (196h) also compared the root hair development and cell 
taxonomy of rice varieties ty-own under upland and paddy conditions and 
found noticeabl e differences. 

Many scientists have reported that the root system of most of the 
rice varieties is concentrated in the upper 5 - 10 cm of the soil 
(Rajagopalqn, 1957; Pelerents, 1958; Inforzato, et al 196h4). Wu and Lan
 
(1970) reported that 92.1 ­ 97.5 percent of the roots of six varieties
 
investig!ated were in the top 20 cm. Kar and Verade (1969) observed the
 
maximun root growth and penetration of rice seedlinqs grown in cylinders 
when bulk density and pe.etration pressure were 1.6 gCem -3 and 36 kg cm , 
respectively. hice rocc growth under saturatud soil conditions was more
 
significantly related to bulk density than to soil strength.
 

-2 
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Rice root nrowth carn also be a:ffected by soil moisture stress and 
soil temperature regimes. ,asaki and Yamazaki (1970) found that the 
plant hei, lrt and root drevulo!,m, wL or rjc, see(d.ings weOre positively
correlat: d wL.Lh t}h,.. ,rini nthoib,1 re )fL"or, sp:,ed at Low tempirierature. 
Miyusak. ( 10'7') UP, '',l i'i. r (I, avr-,idatJ,: l:ul/ly i ncI t ,5Is d the r'esisLance 
to coot 10-i i , , , IsU&r I , -a- ' ,.ht, ,l' ilnflv,,lc d loy root.develo!,:n :M ., i> W.,.,n;} iCL n:.n, 1"" M" t ''' 1-', f,,' d,<b,_Tr'c :! , ff :tLs o F,,t,. 

m lU .(hilip r, 
1;Oto Lh : 1m "prn,:; iii t l -v-:"v, '(J, l b l u' . L lnd, I'o:11f ill 

the numbur o! t'oi i , L1(0-tcill, .:;.;. li,,l l ;ou (1' ()0 ) Nu ] bLI:LLh 
decrea.se irn tLin bull d,:;i . ;u,-f.t s"11- 'n; I'of K, ;oil as a t o p' l in­
siigni~fic;aiily in:ar:qW, L, r , .;.::V..s I' p.IriLf, "r upland ri en. 

:K (19%'7h ) ,flK 1' ,-; al r'o j j ti Li , (,U , rl'in m; midpr wirnii-2;tdtmi oyrd 

iri eas uplK, ma7t::iilirli u Lirln . Mllm'ya 'jld (01.1dyall. (.190)0 Found that 
the root di::tfri l ii. on in Li nl q:r! -J, am vor1n la; ('y!iir;il.]2l iihi ill 
u!land ttini i fl i i ii, qn.uld 

Va..i. jouS i. u.i it; ha.p.i. tA o sh;uid !he: r'olot-ohoot raltio of' 
rice bs a nl:,' I by soil , .;', t, K 1,,;:;n . .haJainropt la (195y) repolrted 
that th t, -'.1hi~i, nt;.W, ',MWto ri+nn.'L.., i 1 Ii lll than loowland coridit ions. 
Ot. anrd !.,i. ( Is7(-) r 'nii ntl. ' Mt rre' alat,' Ai-M M fi ef root. 
ace t;i vi ty t r , i s ,,,.iW ii %. , , i J Tti; oIb;iv:f'nrt, .1o Can1, ItVe 
an: [ilhpor, i,:l i; u Ii i .l 7i,i y,'i Id, pt r'f,Li o ' ' !.y dur1 'i. li. 
sI;itress (:011(1 Ind. K'>il-a r " UI.;,::rva. , ; irl. bi;',i ma]: y O:' ( 9 1;'). 

IPC-C( t. 17;; ;trr. i,9, ss5 of 
vari, L :; 

oh., :: u tooL( rii " ':til divlopnrlt rice 
hav,: ilak..:,l bd.t. K,;, ; tM:,uiiu io. lrii t is closexly as:;ociLated 

with cxx ns'tkv:: tt1 ' 'io, :;:;;,root(b 'rns :Jld Ch i ri, 1971 ; 
Jiil Ii b:ti l - !,.1-1 -L t , J.aro, .( , and P'atIo and (Cituslay, 1977)• 

kooiKt 'owlW ;'flJ *; coriJu"t,,d ., IJTA in 1973 r t'iteribed in the 
f~ollc i;Lnq '.;,< ti.. 

Eff or <inisIS '_._jti 1(, ('l'owti or Iil-('J ,d M,-6. 

(i) booK1;w ,, 

iio,, ' ,itdL.; ::wias I fMxicu; . y influnis-d by soi_ roisture 

. hli. d Vn oK'I i, x ','tKio .ly wuj.l i n rease 
in llOi.i Ku ,_ :ni,';: W0 ' Vs c ,i OKA-) .. (t hiajdhL.h"r roon. massnL thuh: 

thaln l1->L) "o)n !Fl ,tI ioi:; l;ir' rIrrI:; Iilvl s I[ ;.1'and. Lt;i:' (lu; 
reltiv,: il ,:. r'rotl sldt riy..nqt, lKo s;aLratkd soI 1. con:dition:; was 
only 5 pl r.nnl, i.ti O1-6 Cumlh711l ,,wi It 5 pe'rcenit "or I -0.P 

http:decrea.se
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The maximum decrease in the root weight of OS-6 occurred as 
the suction increascd from saturation at the surface to saturation 
at 15-'m depth.L 'Thu dhcr -eac'n .L, root weight of 0S-6 under 
zero ki-on it,1-cm d]th , comrod wit~h Lhat under submergence, 
was M [.urr iWi,, colniai'u'.d with ''70( .nr, t, intcase oa!' f -WO. The 
suuccqiuu t dt' inin in k.1hI.,, ro t. ,.,:- W b Lh v'lwi, etn; was small.T]ho tol,.IL ,,,m ',or:l,,;: or' ,'/ <,', -i f iran: 5Q h~t~ cucm parea with 

JR-'O for L I :oil nioisvur, r,' ' ,: ins'',:t.i ,l, t (T'abJle 2). 

Dir., r :: (i- i' i,, f V (:-, 1.:. .;iuowii Lii i"igurs I and 2,
without atnd "i>' ,v i n!. u5i'5,xLraziouts The. makLria.l. 
dry r '.... '. ',.,: 'V:',. iilr Wo On we, root mass. 

to. s;'va r.L ni,., w'nA.; sr]:i i, 114. M wil~vv.p', S wl'ri{z was%: a1 sharp'l decline 

tornAnui r,< V zlia'eriid , dd 'nv than f"ot d(OU Cn' 'juf prone 

11' i I 'land ! ' 1. 

(ii.) iRout nutitt ).r. Wi'll,.,W Wa.]iiI r.Iw, t i.' a o . iii f'cantly4 

Sin 1u,'ic,'d by v'uri,i - vy. l ti , ' 1 n t L urn i m'toif' (Tab] i). The 
analys..; or tan, tmb"r oI rot,.; a:;a nlui:c by soil moisture 
ft'im Ltii v'' t . L ,.f tL is '',.; v...d in Tab] N. Contrary to 
th, " i, -lit i,. ,, '-,:- ;i h i er in I - O than in, wK fi, , rto . 

0: !-6. 'Ii., ,i '',.:.r. :,',.; wd!' !r.-t i,,:u irly / iifi for iibMte'ed and 
n:atlu'rt 'd :;"!i ' m is;;ur,, ri'u'i e.;t. 'Up10 rot. iitMtitu,,le iin O;-6 For the 

btlbll(l' and!.l!t;;'tura'i t.o'-d moi It;.lrp. rw -liv : 7i A;s only 6Yf perlco"nt anid 
8t0 per/centll ,wr -. n,p" wd>,firqinl,&t nutffLr inl 113-20. ']hp? rvclaLtivo­

declini in Iiw ,' tiitit i' ' rti' .s W tlh ;.icrtL se ini 5suictiOi Wa, 
consid ratbly (w', int i '-.() , co)tflti~ '' wi tih tiat of" 05-6. For soil 
[noistlir" rn'it.'' of"' etzerto , io .i !',-etti ,th , the root nutfmber 
of' I - :i * l.;''p ','asdaIi t.'a t i, ') l' ' ,of' sitblil rf-e'd .' tt i li 

1

0u ,Io'A sit il 1 1 inw ,r -, w: ".; tI irceLt. Thn t,ot,a]_ root 
'Iltu llhw rl i!t, hli '!, su< iI l sii',~' ''l onil o rI ;'')() (.Ili o f' u,,.Lf.,< l tI<. 

iden31tic'al ini t.. Lhi lIN-, l Qiit Kf. 

(iii) Runtl diumlarel. IP,: 104110 or' 01',-6 andlt tuNei L, rnuMt ii W~ morel<. 

root, iiutibL"i' is 15 _0W'I' ltall t ta. oi IW OI, it. roit di'eue'or and 
tthe we'ij li ,t f aL .,,fit l vLti) suet ion mus't 'lsco b-' ioe than t;hat of 
I M-;'(('['abLu. , . ,,,,t. ,i ;,ttt.,r ' 0'-6of was silO"].ti c:ui.ly (Table 1) 
mort, t ot , ' 'L allt fll ' tl'l .lt' ti] 5;;t)i. ' Iti investi­irti. if 

gati., d. As Li, : I I ti's'.; tu '''ti 'hatiled f't'orm sibier 
 nce',ie t,o 
a Lut di.t':l eut lilI' i at. LY sl"lO'fni.ee tu,l 'm?. dilamti r Fi'if'. IH-20 

d-crenqnti''I by 1.5 pw' r'uit , whi'i''wti; Li. , Of' O -KAic.rciiuased by 9 
jirceiL I.. Th,, r,,oL ditam'',er of' both va'ri-tIes decreaued as thle soil 
[[o0sLur sucLi Kcrea:.,sd from saturtioMn at. the surface to 
saturation at 1.-cm depth. Lh,rrer' root di ameter WofOS-6 than that 
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Table 1. Analysis of variance of F ratio for the root 
system develoDment as
 
affected by variety s-zd 	 soil moisture rezime. 

Source of 	 eit r weezt Root Root RoaC system Root section
variation of 	 ros of roo-s di--eter n-u-.ber area weight 

.*is~ue re ime () 	 2.1" 7**S. 500.u9 .. . .6 
 7.3** 
V~ ' /	 

0.2 0.9 o.6 0.8!.i. 
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Table 2. 
 Influence of soil moisture regime on root systems development.
 

Rot1 r R o et w ihe d .. ,n I .. .
, L r/ Root sysfen W-Ieight of 3 cm 

5Mis ct io0 . 29/ 1/.9a66.7l .. . 3~ l )15 root section 
iR20 OS-' !FR-20 OS-6 7R-20 O -J I -C 0 - R l 
 S 6 I -0 O -


Sa u ated 7.05 .,Q 28 5 9.0-C3 

5- mSu ctione 0.91 

lO-m scin 09 

Zero suct-ion 7 08 

25-cm suction .02 

1.30 

. 1.- 2 

59 

81.5 

<J 

14. 1 

62.7 

96.7 

f 

5 . 5 

2.74 

1,.75 
2. R 3 

7.1 

ii.30 

U 7"oc 

. 54 
1 

li 
113 

2 

110 

117 

112 
6'1 

.7 

0.6 

1 .71 

. 
.7 

. 8 

0.12 

710. 16 

0. 227.4 

0 4 

0.78 

0.4 9 

50-c) suci 0.79 7 1.3 1 3,4 3. 
SDo ( . t o n 

100-c:- suction 

0 . 

0.90 

1 

!.42 

15.9 

10.5 

.9 

6.7 

122 7h 

1.75 

7 38 
"27.

3.77 

7 

ti 
-
31 

5..9 
17 0. 01 

271 
30.18o.48 

2 5 0 -c m s u c t i o n C0 .0 ! ! .1 5 5 52 5D i 1 2 ,h0 6 1 .7 3 0 .1 2 0 .4 8 

LSD (.05) 
 0.17 
 14.3 
 !'h9 
 37 
 0.35-
 6.20
 
LSD '(.05) 
 0.22 
 19.1L 
 1.99 
 49 
 o.46 
 8.27
 

27.9
CV ( "I) 62.1 51.8 
 4o.1 
 57 .9 31.9 
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of IR-20 makes the formr var ety more suited for upland
 
conditions than that of the latter. A large root diameter enables
 
a deeper penetration throurh hard and dry soil than fibrous root
 
system. 

(iv) 	 Root system area. As one would exp:ect from ithe comparison of
 
total root weight and the di anietir, the root area of OS-6
,sysLem 
was also more than thaL of JA-20 and LL followed a pattern similar 
to that of root diameLt,,r ('table P). 

(v) 	 Weight of " - cm rooL ScLieun. Data presented in Table 2 and in 
Figures 1 aLid h show sininLhIFicLt differeices (Table 1) i n the 
wei ght of' --cm root;,a,I.Ielo dun both to varetal. dif ferences a;nd 
to e f fects at tributed Lo v:triaLiuo L soil moisture regimes.
The wei giht of 1 cm of ron u;uiuon ortos-C wa; '- L.imes that of 

WR-'0 at Variou zso;il rul t, r urei lies. Ilihe varit:l.a diffurences 
in weiqht or -CIm root, section tnder .i Uliergenlic anIu op timal 
moisture regime:; wer rarther small. M' di. fferernces increased 
with an iIi':Iu:;:u in non;, tmot s tr'ess, aidi were ini favor of O-6 
although the rulaLvw dec-rea; ini the unit root weight with an 
increase in SL s lrire I rrsiFi carillsnoe b 

in the two varietin 1n2iv nat;, 


tore ess meyso 	 l.y di f fe rent 
(:,2d. 

vi) 	 Root lenrtth. 'Thie in uI'luice ",, ofil mois:ture regime onaroot 
length of I-O0 ard 05-( i; :;s wci initi,'. 5 . Th, root length 
mneasured aft'or w;L} iing , was .::iir i cLI it ].y more in 02-6, compared 
with that of 1B-PO For all Lh. mui..ure tre;Lment:;. Ihe root, 
length of u;-6 wasii todim-rolL at dif'f'eren L soil. mloi stu',r 
regimes. The re, Wfwa :; :liaglt i.ncreiase in root lergth wht iincrease 
in soil. roei s.ir2 :;moistut IroKm zerno, 50 and 75 cm, followed by a 
slight decreas, '..I root .l,'nKLh at. Stoc tion of 250 cm. Root lemgth 
of TR-20 was the 1"west for" LIi :; ubme-rged and saturatd(1 soil 
treatmenrts, ard i.icra:;ed M'inirlic'it~ly with i'ncrease: inLsuction 
froii sa[turation at the 2;utrac. h/, su.tLur .t ion tt .1-cm depth. 
'['h(ere, was lie (i! tt',r',ncn il reel.t eigth ot IN -NO( at soil moi.sture 

aNregimes ef , no. '(., MO an 50 cm o t' water :rcIsu.on (Fig. 5). 

Root growth ard aii Lnd st,rarw /L-d. 

'Iho c, ft'ivin ts "V I ira;ur correlation betweei varous paramueters 
of root growth d:s:r'cribeed ,s;rl ii.', grain aud straw yield at various growth 
stages, h.n( yi.ngll1 ,arL' titr:',I ' own in Ta Ile 3 . botLi dry andl 
wet root nb LS -, s cor'elated with grain yeld, s trawwe t :;wro i.f'icarliy 
yrLelid, imlu.be r o r .ir i; /pani cie , aon :1Qe weight;,t n it grain we i gh , 0,n(d 
with dry matter Ieruo tiel at; vat' or"i:; stage:;. Similrtar c rrelationslSatsrowth 
eisted. with root MJm;Lter, met. syst aiiLrnea, anrd root. sect ion weightilt. 
'['he agronomic i l ortarce of total erouu nrullber in r'lh.at,ion t, grain arid 

http:rcIsu.on
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Fig.3. 	 Effect of soil moisture regime on root weight
 
per unit length (without clearing).
 



205
 

08
 
o - OS-6
 

N-4 IR-20 
0.80 

0.70­

0.60­

(D0.50. 
-

8 0.40. 
0. 0. 

0.10 

FL. SAT. 	 050 I 1 260 2;0 

SOIL MOISTURE SUCTION (cm) 

Fig.4. 	 Effect of soil moisture regime on root weight
 
per unit length (after clearing).
 



206
 

5 	 o -O OS-6
 

N-9 IR-20
 

48­

44­

-

z 
.. 1 36­

28­

24-


FL. SAT. 6 	 " 50 100 150 26 250
 

SOIL MOISTURE SUCTION (cm)
 

Fig.5 Effect of soil moisture regime on root length.
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Table 3. Correlation coefficient of root systems with yield and yield parameters.
 

Root wet Root dry Root number/ Root systen Root section 
Parameter Root diameter weight weight plant area weight 

Grain yield 0.65 0.74 0.76 0.30 0.60 0.69 

Straw yfeld 0.73 0.86 0.85 0.26 0.68 0.86 

Grains/panicle 0.43 0.59 0.53 -0.17 0.38 0.56 

Panicles/pot -0.16 -0.21 -0.12 -0.53 -0.13 -0.34 

Panicle weight 0.46 0.57 0.54 -0.16 0.42 0.61 

Unit grain weight 0.52 0.59 0.53 -0.20 0.45 0.66 

Straw weight at 
mid-tillering 0.56 0.71 0.74 0.16 0.58 0.64 

Straw weight at 
grain filling 0.62 0.66 0.72 0.47 0.63 0.66 
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straw yield was not significant. The number of panicles was not
 
correlated 
with any 	 of the root paraumeters. 

The var ,!tal s crening for drou.h t tolerance must, therefore, include 
evaluatioc off the r'Dot system duvlopment of these 	varieties. ihe 
inportant fac tOrs 1incLuln wN ar dry rout, miss , oot depth, root surface 
area, ald root d Ler. ']hei. ohrtnor st±cs are summarized as follrws: 

Root charactoristics for uli and condiLions 

ITh-e 'an:Oi,, of ri,. U:; prese nted in this and previous chapters 
strongly 	 .iiiicat h:;1ovl!OWinnr. Phara.toeristics of 05-6 in favor ofIR-20 : 

i) De,,wpur root system, 

(ii) 	 Higher total rnot mass, particularly when grown at high 
soil 1101; turQ stress 

(iii) 	 More root diameter, 

(iv) 	 Fewer and stronger roots designed for deepr penetration 
and to prevent .odigirg, 

(v) 	 More cross-sectinn area to come in contact with large 
rOOt voluille, 

(iv) 	 Higher root: shoot ratio for better water absorption and 
uptake. 

These are c rt amnl; more d'sirable characteristics for upland
conditions., . ild 1I.purints conducted on 0S-6 both under upland and 
valley bo, Imi r,oin * pport these conclusions. The 0 s-6 has generally
outyielded I. (9 i o r uland con1ditions in most of West Africa. Upland
vareties shuld, l rIh,, he ';ale ctiJud 'ormrios, o[ thiose root charac­
terist ic. s a metimad abe ve. Tihie I eld t,-chnique or xamiiinqg root rystems 
is imp,)ortI,a Q. this corunie! I.,on. 

Perhaps t:18 i iii.- adni.t ron system developed by Bohm (1976) can be 
used. lhis tchnique h s also bemn used at IHTA for investigating 
tillage influenceps on root systlemma developmien t and it shows promise. 
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Conclus ion
 

The upland varieties such as OS-h and OS-6 have better root system

than lowland varieties e.g. IR-20. 
 The root system criteria for
 
-,creening against drought tolerance consist of deeper root system, more
 
root length per uit weight, continuous development of root system even
during flowering and heading stages, and high deep root-to-shoot. These 
criteria have been found to be correlated with drought resistance as 
measured by grain yield, Lnd can be used for screening varieties for 
tolerance to drought stress. 
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11. MOISTURE STRESS - T"ARTILITY INTENACTIONS IN RICE 

The influence of soil water stress on growth and development of
 
rice can be signi 'icaitiy influericed by tihe amount, kind, aid method of
 
fertilizer ar)ri] e.at; on. A consi d :rubl, voimne of data lr been reported
 
,n the literatur, eoncerning moi;ture: tre:ss-forLi Li y interac i;ons. 

Nitrogen and roi:tur,: ";trss:: 

En1i (196h1 a, b) r,'eport,-d Chat number of dead increasedGoh.t leaves 
with an incro.e L.n m1i.02ur, st's:s; , buit decreased with su ppl .e.nltary 
nitrogen a lji ation. Do': ]a, Ltaand Zarat': (1970) obtirned olpltimuli yield 
under moisL urbr tr.-s; by :aplply higli rWbe of H1. Simil_'tar r,-s.ult,. have 
been re ported Ly !it bbatl' rya "L. :a] (LOY0), and Ghi.]dyal (1970). 

oli: nrai,: b - wlu:eri ni l r'nqL ;.nn: 	 i i trogents .i L,-L, 2 ,It' an(1 levels ( 
suip. },.p. L,'' iow lbe.; I. i ':nLr by mayty w,,rb.,': (Du DatLa et ai1.966, D(,e
DaLta at, l 10.8,1), D- DaLt,.L alld tye 1905), )': Lt1. ,-L al. 1969, 'aky i.1-lan:l Di 
1972, CuptLa and aw: tl aba , 1K;'). lao ,:bal (1 97;!) ro orTed that 90 kg 
N/h:" si gnir'iarmoi.y mi:ra':;d .rain yL.,ld oer (;0 k. , fl, but, 1,!0 kg I/ha
iw'odu(2ed no 	 'urL-r ince'e::;- in yield. hacf' 0k' to addi-Lionial. Norresporse 
was attributed to Liv: lirni.ted :;,uishi.ne hour; in En iraIa, iW :outhern India 
(Achut irn-Na': r a)]. Shintd,: anid ;rIvfa:;La'v;. ('197P ) eomr:ared the 
influ:no( _ ' o (slin i ; subm- r,,eiet.,: w Ci, upland coiid t ion; at, 1.O and 1.00 
kg N/h:i . 'f'i iurlu-''t,.- *f' w:tt; ,rr. Mett. was p-niPLf'ic:anit; only at high 
[: I:lv . 'li't ii y ld an[' [Urij t,iu cOcu r:lr d wiieii :;it,enrp-erice 
wao eonLtinlued tr':n.:p; lilt flow,:r'in toro mauxim.uL ill l' r!/.r'' Ti elanA to r 

(L197) .n r',::;" in bL['LJaV[a a al] rporLd i bie f.rte mi (he)lerti:u.id a 
decrease I1 if: :; b *n,t, o p lant, on soil with p"Lii': a s 01' ri(: when /frown Froin 
0 to P.7. Islam arid Ul]l:uh (197) reportbed Prom pot cultLure experiment 
conducted in high y jeld wasBangltdeh Chata pirain or' ric: associatted 
either wLh c,_ nLi.nuouii:;:1oLn'pr.' Is': ,.1t&Lhout "orbi.lizor, or wh,.,n soil 
moi:sture wwas . ri 1: :apa' ity lunml w nl'iKuil,.m,:1 bary F':rgIKl;ili ze'1;:; k pt f' 
appli.catlions w(.ri: .iti:. '['h'-y c(ol ci udi :d titt i,:h n' Iit:; of suLtlrir-nce 
cgal l:; be ohtaLinn':, :at. 'ol"d :apa',iby bV :Koujilyinog additiornal , P', andr 
K. 	 irnrliar r"so] .. W,'.': i''Qro,'td by 2 ripli antd 'al. (11973T), who reported 

t, l" by I, u:; . planLi ig tothl' hip-'li y	i (:'1 -i r o rae :;bybn r-'-nWine ro I tr i;Fom 
wi-lhi. ' Nrindp-ubm fol'mraLuri.y, or ] 1 Il/,a :rl :; ':i'rnc only untll V' HAP', owe(1 

by:;alun'at.o1 :;a, 1 ,':orIi I. .01,n1 P' r adt.'it i onial A" day:;. ,:rman ard Altorn 
(09'7h) also w'r' II L r'ri on w:il.li- m;mia or; niri cecoil ou dl an f,' ir ' onib:; :rinL 
tut, high ratb: of' [I urid 1 i:,re :,:,::::r, f',)r ,'qui va eI'nI, rie.- 'i-'"-Ld ; Prom 
u[ii.atd 2o dil~b iion ;:''2lltn' WI Lii :;wibrn,:yri'd lowl and '1:'. 

Appar:' t, ly Iroi l,hi: ',-vi,.w o)F I t': t pr',::stesr'.rt.ed,, :;oil. :;ubrui'rgence 
does imlprov,: ',.r Ii by sLatu;, atl'w' I . , r' :orrni' or I,he ,s:;ersiti a rnutrienit 
eleer ts. Thu exa :t amount aInd by n'': o' va' riou:; nutrient lernleer.;s will. 
also depend on the soil type. In general, on': m.ay conclude that. 

http:by:;alun'at.o1
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unsubmerged rice needs higher levels of N than submerged rice, to producre
equivalent yields. nutrientFor uptake and availability, there also
 
exists a si; li.ficant interaction of moisture regime with the method of

seedbed prepar-atIon, whether the seedbed is 
 prepared with or without

puddli ,arichez coic
, I ; (19'3) uded that puddll inrr decreased losses of' 
applied N ho Lii i'i.ld ill barre. 

However, 1±o s i ci, dA.iic 


,ot anrd Ireeiio experilrent s. 
lFeretles were observed monw.-L puddled arid


unpudd]_el '0 ]. , . ii.:r L 'ii or straw 
y ,_Iid or- ini the uptake of N,

P, K, Mc or . Jon trar , to tle results of' Sanchez., From experiments

conductd(.1 so.], type tndertho Silne and similar climatic conditions
Philipp~irs), Dc attra <oI1 nArm (]197h) reported 2.5 times higher


nitroefen f'ici eiy f<
irl Ieid thar i n uapiuddled soil. The plants grown
in nortpuddI Id ::i.1A had -1 rt.ro 'cii coll ,-rit and lower prain yields. 

Phosphoruis utLltkea-rid sol] ttioi'k) coili Lio l: 

Maly } ave mfor- bywiriL is rportLed uptakc of P rice in submerged
thall .1 : l ,"Iloi ion;(iiorleno arid Moi' tvdt (1972) reported t-hat
dry matetr- pri-od-wLioni iili uipftk: wr.t' doubl.ed and that Zn uptake was
 
up Lo f'tve tim io,i ,umjr 'e(t tllal 
 .n up-land conditions. Simi lar

resulls; have ben repor'ted by ,J1hi Of ,. (19'(3) S'anchez (1973) also
 
o Ps ervd Lha t 1( b, neIicial ,2Ffct:L of' oiA. varied with the level of
available ;oil P. of, hl I" no
In soi] i P v'i.P] biiily, differences were
obsery el when ric was g:rown ooder[nori.uous r;hbergence, on a partially
oxidj: md(iooii o'w flooijrl was(I, when del ayed from 1.5 to 3. DAS. Severe 
drolugjht l,. , tt,.;rice Lard P Lt I akl. It wasiw, d ecreasl ed grow, 
colic.udd t r i - I I I.at effec ts of FFlooding on 'Iptake by rice aepend
both on uli '.i1table PI level and o tLe C of wauter manafty emen L 
practcAc d. U, di. .ya(]197 I)) did riot; observed significant dif'ferences in P 
uptake rit. 'I c n ns n L'nsgerice or- with cyclic drainage. Sahu and
Misr (] 'I'h), aid PaIl ( -t) 1,so report(-d an increase in P uptake by
rice -,rown ,itider ; ,ibrn ce or ;atturated soil conditions. 

Micro-nrtrrLnt and soiltro isLUre ri re: 

T ;oiL toiK;Lure , ,f' ra orr ~ime ree- (,io, .:t i i anid/or oxidation 
reduci ,rr ct-rdit, in: ; i ,oi . jw i Hr (- c i.fn.ficaillyr Irt irFluence the
availab1ity rind o ltak.e of' micro-ttt1. r I cii.. (C.iorderno and Mortvedt (1972)
reported mror :*eco(vwry of apied '/b; 0loo(1 ittan f'rom roist soil.,',, f t-
Zn uptLa.e wa:.; five ti1 a .; thorkIutnd e r F'lodled c o(,t.ion;s compared to that 
of r(Ioi:5 soi. (Ian iw .r and M. in (1 ) -so oh. cr vnt that flooding
,ncreasd tfie lontLissue, Ate:t of, ic, Mr,, ard n '.e uptake oF" Zn,
howewr, fL, so ,lepttl; oi sol ri c , io . or -ampl.e,Wells et al (1973) 
reportec ii at Flot di,, allkali tri soi., r tle availability of native(duced
'I ;,,oro. on ''Il oou. s1Ails was attributed to Zn deficiency. 

http:doubl.ed
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Many workers have reported the infl'.uen e of' f'looding on the ufptake 
of other micro-e.lerment:;. .:: [Lam and Is:lam (1973) reported hi lrher cuncenr­
tration of N, I', K, Ca and A in rice ilants grown under sub~mierged 
conditions than at, fa'i cpacity. I 11e alri . s-r'nan (19(3) reportedal a ;nd
thait fl]oodingt, doublesd Wi,: L.O Wa, ll, a va'lbi-: , Mnu ill al'lI thti+: rour£1mount.il ()r 

soils inveerltJ iq d. ''lioy alsno r'upii't.,:d oily an.sliit.li, c ,':'L' LliL ,Z 
uptake under" floo(ed n',nditiLo,. 'hlvi. ,. al (1(iYl) r:;v"d'i that. P, K, 
ln and Mg coniL''n.: ii t i, : i p'iphl:annlt, d cr-a:;csd wi ll en; luff so:CI'IIni 

moitLure coilL,2ite. honiim U t..A YA(i9(L):ailso observed thit, U veoiCLtro.­
tion of" AM in s.il and rio, tp ln iicrea ',d < riii f'.icliLt. / :; the pa' ' od 
of aOil .ubm n'uq:reiiW 2n Lincr'e.;o . ,iiuh and Sinli (.197'5) r,.'1 ''trt.,,d 
hi Jge r I]!)iLi': r" ! andf 4lnt inid ,vter o rfI ' d'ci e',j d i f, i or;:. 

:,.bfLhi'.s:i'] w f~ w r i r'us- l ic s.;Is]u; . hr w i p l IuLod water, or 
thos;e S;> l s; h ihl t C,,Inas,,, }lli ,li (? ' l, ftl,rat' i1 )Il e r; tn ic : w ids. (Jitl :,lltflit'F-

j'il-IC( , ca:lli t Au'Iv'CfI . r a'i' ffl'Iw.Ii t.i ,'il]d. TI'tokuiinf'e (aI; "i. (1.9'71' it 

1970) r'pa'-; . !"( at -, wiowih inwho rice : v::it rrt waterwas 
iol].u od, .. e f ''um i ndu ,1riae p.0i'liL Mr. oeIaw (19Ui'";) :gi sinvad tiha.t..()rf', itl c' ac id. ]; 'O ti'! d l,, 1",I , I, 'I<t i , i .ti"),<; .i. l ;lbrwl,.rrid s"o il 

f, 

thai to i •L eL,: sod iftn ii i rfLIiL i P . 11 r2 b tti 

c, oulP on id } rLII ss!,]:uii-: , , I ( I )'( - %)11 
ton (oAf)[r r a:L, o n w a'!,te s ', d wti': !y {t,.vr ,_,c;,:, ; o w Lh , v r a:i ni :a d s t rai"w ; l ld ,, 

0T-e ,,tO 1l t. n I ii . 'ri Le t ii ',t0 ill ,Junee ­,OctoJber 1, 1-97{ , with tLh, f'11"<wiiC oIb,)"Uliv, :: 

Ui) to d Lhu r ,n trhe 'ii ':L;n 2 L'wu,nI moi.;our,, r: ime and levels
 
or' m aiiti ion (m r'ic .
 

(ii) to dete,rmine+ Weh<diirI'',ro<nO,. vaietal, respfonse. or"IWO and 
0 3-6 t o mfoi < ,l u and W i r , u nft re atm ln~tsl([ : . 

5-cl, 1.00- m 'w:at/:l" s.upL't, 1 ,i :.t 1' 'i, aw'il .'(-lm :; ilc t ii at. 15 cm fd pih.
There, wer'e to', ll:v'-InI v s ',I' ir it al,I, i t.ha(i1 : i]o. ,a, 'oo ppm, mo0 ppi, 

and 400h pr i. IiL tiLl ;Wti N: i,i w:;; u: , .L th 'orm or'il ( Hiill i'Oi,with t Lhree o , i. , and t. i, ti l- r: i" or on to: nLi hi 'i ifit , 
<olU). o t; i, pi i L ti r edt'' it,- ii, ti. . ;i i i': tii r­n t i t'I' 'l)r eli in' . -i.ti! :l' 

acio] ' b 'L.wa , l n l i inn of' :iin inili:t;Llre :i...: tL j d or ! ,f t.It,r,::; dv. ji
r'(r boW~ IW-;W andil (0.6-(. W'hLt U-napti~ttll, womlbJli,hho wl i -A VA, 'irW M"{l,:.+, 
L.iman.: Wui U P<conti nerslt-' w,.r', dh'liribuL;,. inl Lip: r, :+lt(i;+ .. ,u , .c" rd 
LO( Ut COVlfld.*t,t:]e l ': ]{fl dfls<t';i ,11. 

s;tlr '- ;]()i fl'r ll l I ! i 't * inl lf. !:T h el(= ' ' I .i(') l f s fj] : t ' W a s] t)L l I ( r ! ': .i) C f 

,:~lml.: ) t bulk I '<li ] w::: f:.:;iri anud A' m .: I,,o a:Lj d 'ns:l; I/ ()I* J.) I ,aml~ 

cml th a:diri l'. T l,: :r-s,tO J r'r'om - uppeJ r ofr' lih 'I't:l[ irriq:Joti l h,: 
was. r l':U.ated thtrough te, usel;( or'lf [O fflo:t;Ce : AsI1l.3 ,:! a.t]. Ql] -"'m deptJlh. 

I 

http:ffl'Iw.Ii
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Addition of water to the soil was done through subsurface irrigation,
 
facilitated by a perforated tube installed in the center of the drum. 

Period ice obs'Jrvatiols were made for plant height, tiller count, 
leaf areit index at 30 pr'cont i'.owring, l.eaf moisture potential and 
the leaf ,if'f'cs 1,us rate, dry matter proDduction at various -rowth stages, 
and grai y i,.c I rid y ,.ld :omponenits. 

Various pau'ame t,,rc F root growthli such root weight, length,as root 
diameter, ,2. 
roots fh'om the 

we r 
,oil 

ivest Igated it maturity by 
in all the treatments. The 

carefully washing the 
results are presented 

below: 

Plant i I I '01,;e inftuenc CF soil mfitu 'e riimes and nitrogen 
level.0,Oil idAnt 1icii t of M-20 and 0)-() :;1own LitI L.- Fi gure 1. The 
analyss f v frianie table of' F ratio f'(II]1tTr hJllt, ht Lt various growth 
sta e. (1 'LL 1) 1indicfi itri i ft,5 moi sture regime,;mFicant of 
nitrogri I v,,'.I , vJr'i ty "rid the [inter' Lt:ioii hi Itw(--el variety and nitrogen
'atL. Ci 4 .t' - c-n t .ro',. t h 5 tav{-,s. (it',-L s ,l iiic C Lt y grew taller than 
lk-0 as 'r,,l 20 DA,. Tihere wI 140 isi. f'icaznt ]1F'Ferenees Mlno between 
(submergence) and M (_00 cm suction) levels of' mois ture regime, but M
treaLmiellt ('"50 cm of 

3 
Water uction) rew the shocLst, part'icularly at 

the li ghios I rate of N application. ligh N rate arid tIh hi'host1 moisture 
stress had the mos't doetrimental effect on plant hei.ght ()F boti IR-20 
and 0-6 (A,1 : di.csi; 1-9). The plant grrowth arid vigor of" 1t1,-20 and 
01--6 tIll(10l' , 1.1111 regimes anId it trogeri levels are shown inj.II Oisture 
P'lates Ii-]_8 

Tiller coluit. Ilu-nce of' soil moisture regime and nitro,,en levels 
on tiller coimt was identical to that of plant height (Fig. 2) and 
Apperidic-e,; 10-,'1 . The varictal, effects on tiller count were not 
sigmnil ica; (I", I,,vel) until about 60 DAS (Table 2). OS-6 had considera­
bly lesser tiller count than R-20, for all moisture regimes and levels 
of' nitrog, f .lp cat; io . The increase :i soil. moisbure stress signifi­
cant].yLiller no'eusL-l tIh productilon Li the two varieties, but the 
Li li].er weI,, r.odc t Ivye. Icrua;e in rate aLs,;o ijicreas edrt'Cli N 
t:i1.et prcdlictiol . T1he: i 't:. t;ions betlieon mois lure refri[rit. and variety, 
arid ttlitroleri I iwi'L1(1 raio1by wl!,r -aso sitgi ficalrt for the maximum 
til~ler counit. 

rma te' ,rod t .I11t( asltr'svSri)s 115cowLth Table 3 shows the 
data of' dryi11A .tIcr product ion (.,;ioot only) ,.s influenced by soil 
llOi';St l" i'S 'l . l"Id l]"V l o 1i.t'rtremi applic'Ition for both Varieties. 
Detail O.f;iaycy productiomi at various growth stages isuf' mat;tor 
showli ill Aj1 ',lndics ;':5 arid ,'(, and in Table( 3". P,'inal straw yield
increased Uxpm(:criLiNall wiLth j.nc reas e the rate Nly an in of' application
until 300 ppm [Ifor the submergred moijstlure regime. 'fiere was a decline 
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NI = 100ppm 	 Nitrogen M, =Flooded 5cm depth o-o 

VI IR-20 	 M2 100cm 15cm depth -- x 

V2 05-6 	 M3 =250cm 15cm depth o---o 

140-	 140- =400ppm ritrogenN4 

M2NIV. MI N//2 
1- oMiN M2N4V2 

,I0 	 - '~o /,--.Mvo ., -oM 3N4V2 

F00/ 	 .'100-/ d"I 100. .
 
1 'ZI ,o
 

"" 	 / " -j%M 2NIVI .	 1,/ 

(D 80- .	 80- / 

I S60./ / a (_'-4I( / 	 N4VI 

L 
0-

/ -
-u 

iz]
j 

€, 	 .a" 4M3 4VI 

- / ­

40 	 40 / 

20" 	 20-/,, 

20 2 

WEEKS AFTER PLANTING 

Fig.t. 	 Effect of soil moisture regime and N rate on plant 
height. 
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Table 1. Anralysis 
of variance table of F ratio for plant height measurements at various DAS
 

F. " a ti Source of varia in 

25 32 39 C 7 

Moisture (2) 7. 5 2' 2.. .: :o0 2 

.. *3.-" "Iitro"en().* 16.* 

Variety . 0- ... - 0 ' .. . K : 232.1 

2. 2.4 9.5 " 
o e..95. 

XV .. 5jL* 13 -*3.4* 24.8'" L.9"* 44 .. . 3 

:, Lk-v" 0 55 0.55 
055 

. O! 
2.0 

! 
1 ".0 3.2- .2* 

i 
0.3 

0l.51 !.3 1.1 2.5 2.2 3.6* 2.9 

110 



219
 

N, = IO0ppm Nitrogen N44 400ppm Nitrogen 

V1 = IR-20 

V2 = OS-6 

60- MI = Flooded 5cm depth 
M2 = 100cm suction 15cm depth M2N4VI 
M3= 250cm suelion 15cm depth 

50/ 

MI N4Vl 
Z 2N1 3N4 I 

40 -

w. "" _jNIVI i 

3030 

10~ ,<' £- - MN 4 

MI V 

' 5 6 7 8I 2 

0 3 4 5 O I 1 

WEEKS 

0 3 

AFTER 

4 5b 6n 

PLANTING 

~ ~ 12 

Fig.2. Effect of soil moisture regime and N rate 

tiller production. 

on 
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Table 2. Analysis of variance table of F ratio for tiller count at various growth stages.
 

Sucof1 F ratio at various n.A0 

18 2530 38- 45 52 59 66 72 95
 

MToisture (m) 0.79 2.09 11.06" 2.97 7.014* !2.7* 12.40* 47.86** 36.37** 70.82** 

Nitrogen rate (N) 4.53* 9.17-* 3.O2 1.35 2.33 2.91 12.70"* 6.35* 12.17** 10.56"** 

Variety (V) 32.39** IDS.T3** 173.79* - !57.7**" ' 310.t7** - , 5** -.57 * 02 2596"9 7 . * 99.0 * 869.22** 
}' '[ .1! .27 ! . 6 2 .. 

1-.)T 3212 
-

1.74 
01.0. 

).04 2.37 1.95 

[XV 1.47 0.77 0.814 0 19 1.52 0.86 L.11* 11.33"* 6.96** 6.65** 

0.61 1.71 1.21 1.35 i.96 1.14> 4.39 2.01 3.92** 398* 

1.40 0.71 0.86 0.43 0.84 0.80 0.77 0.94 1.00 1.07
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Table 3. Analysis of variance of F ratio for dry matter production at
 
various stages of growth (DAS) 

Source of variation F ratio 

20 hO 5) 62 90 110 

Moisture (M) 0.2 22.3)1** 26.Il2"* 49.70** 285.07** 28.64** 

Nitrogen (N) 1.55 1.31 6.53** 0.95 2.11 17.96** 

Variety (V) 0.11 0.13 28.78** h.39* 8.74* 39.01** 

MXN l.h6 1.21 0.95 2.31 3.08 12.28** 

NXV 0.27 1.37 2.5), 3.15 1.62 1.71 

14XV 0.91 0.90 2.li 1.314 2.22 0.98 

MXNXV 0.5), 0.50 1.88 0.90 1.36 0.64 
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in the dry matter production for the 400 ppm N rate for both IR-20 and
 
OS-6. The 0S-6 had consistently more dry straw weight than IR-20. 
Nitrogen response For 100-cm suction was identical to that of the sub­
merged treatment, except that the magnitude of increment in straw weight 
with increas( in nitrogen rate was less. There was practically no
 
nitrogen res pons, Lotrosrqw wlight for the sail moisture treatment of 
250 cm of water suction.
 

Grain yield. The iinfluence cf cumulative moisture stress (am-days) on 
the total. grain yiel d of [-'0 and 05-6 is shown in Figures 3 and h 
respectively. The data indicate some fine points concerning the upland 
characterist;ics or 03-6 compare(d wiL h that o FR-20, and the nitrogen 
response under upland compau'd with ubmered conditions. Uinder submerged 
condi tions, the jTain yild of IX-O increassed wihincrusa:;inr level of 
N applicartion. ut a:; thue soil mol;sLurc :;Kress; increased, there was a 
signiicainit deciine in grain yield with incre usinq lovel "VfN ap plication. 
For the LO0-cm suti on, he qrraln yield of' IW1O-0 was in th e order of 200 
ppm 1H>100 ,,: O>0 ppm HO0 ppm H. For th P50-m suction, the grain 
yield oC' I - via:; :aexuAly in thle ardr of =.0 ,pm N>300 p pm N>300 ppm 
N>A00 ppm 4 l or submred conditiois were certainly not beingF.ood ing 
compensated JOr 1y addiiti. dal as grain yieldapplication or11 far as 
production potential of I.R-20 wau concerned. 

The yield response of O,;r at di ff'irent levels of N application and 
soil moi st ure :;tress wa:; dr'astisall[.y (ii.'Ftrent from that of IR-20 
(Fig. ). Under ibmsrnd condiLion:;, the yield of 0;-6 .1evelledoff 
at 300 ppm i. For ti is0 pjmn 2 rat,', (.);-(] maintained a constant grain 
yield even up to a wundLLtivs sotil moistur str s of 2U x 1.03 cm-days. 
The grain yield of 0,-6 wa:; :;iic f iiLt ly more: than that o TO-20 for 
all nitroven levels and atLmudtuJm soil moisture stross (100-m suction). 
UTe N rate of 300 ppm ad at the s;oil mroisture regime 100-cm suction 
produced mare grain ;,ld than LO0 p mrU under submerged conditions. 
TiL e were some, thouh not sub:;tIariL l , bone ficial effects of extra 
nitrogen at low level oF sail mtoLtu re stre:;. 

Yield components. 'I' ninfl uence ofr :;oil misI:;ture stress an yie.ld 
Colponernt Of II,- . and (),,-( i:; :.own i n abl h arnd 5. '.eh de tails 
and stMt is tic al n.ly:;s, of qnh "f the yield components are presented 
in Appendices:; 'i-U LJnit Lgrain wi;Lt and grain weigint/panicle were 
signif:icantly more for 0,;-6 than with that of 1R-20. Poercent floral 
sterility oa 0or,-wa;; hiri th;iat I-O atii than of lower suction, but 

Lt
was reversed a hi.,i:r sol mosi.:ture stress. Var:ious yi i.d components 
followied a :;ii.Lar Lrq'i to that ,oi 7r:riii and straw yi.el d. 

t
Root grm,-wthi. Tiu iukaon roo wo.iniit , root length,i, root diameter etc, 
are shown inra la b : " an d in AQ,,.ndt5 5->. Under submerged 

OntditLions, and For 100-cn moi:;furn :;uction, dry root weight signi ficantly 
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Fig.3 Effect of accumulative soil moisture stress on 
grain yield of IR-20 for different levels of 
nitrogen application. 
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80 
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40 

Fig.4. Effect of accumulative soil moisture stress 

on grain yield of OS-6 for different levels 
of nitrogen application. 
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Table-. earn yield and vield coocnents of JR-20 and oS-6 under different levels of :oil moisture
 
stress and nitrogen levels.
 

No. -f FIae 2Piiie grain/ ]rain weight/ Straw yield Grain yieldIarais -'eight %Sterile floretsl a7nice .ie anicle (rrains) rain/pot grain/pot 

Treatments ? S- :S6 ,s-6 
_Z 0&-oCS-6 -.- 2-

0-- -20 .. -- I 0:2-20 IR-2C ' s 

100 1.96 .75: 7.6 152 156 ­. .3D . 5"23 9y-7 155 136 182 

-. .'.203 - . .- 7.55 10.6 1., 232. .'i 22 3 223 

-30c pani 1.51 3.3 6.2 .23 15 J 177 .. 96.,I 2.39 5.95 379 526 283 264
CC. 3 .61 .2 163 92.4 82 ho a .. 255 ... 9r 31 25
.. 303 


Varietal means 1.75 3.-9 6.68 7.07 I55 164 93.3 93.2 [ 2.8 5.05 272 354 2L9 233 

1.53 3.43 5.01 12.1 173 11;7 95.0 85.2 2.C3 21033.0 255 150 176 
- ~ - .- -- 1 3.37 5.19 12.6 101 161 92, 87. 1.30 5.63 - 230 521 135 199

300 .5 9, 61 92.303.0
 

... 23.2 57.3 70.7 87.7 76.9 L2.7 0.8 
 .. 272 477 93-9 53.0
 
; "-c an :; 2.52 3.15 57.0 32.5 52.3 120 3 ('7.5 0.26 2.10 196 527 13.9 121 

Varietal means 1.52 2.97 
 22.6 28.6 96.9 129.2 76.92 71.4 1.31 3.20 227 395 112 145 

1 N 2.93 L2.1 29.9 83.3 102 57.9 70.1 0.74 1.74 268 60.0 54.0 

200 7;t 0.91 1.02 50.7 72.3 61.7 7-.3 49.3 27.7 0.45 0.38 173 327 47.8 33.1 

!00 ann 1.47 166 

300 =7n IN 0.5:L 0.90 70.9 6.2 66.3 67.0 29.1 23.8 0.62 0.60 161 270 16.2 15.0" 

, 500 ann N': 0.00 0.00 100.0 100.0 
 0.00 18.7 0.00 15.3 0.00 0.09 6;.O 129 0.00 5.07 

Varietal means 0.70 1.21 
 65.9 69.6 52.8 65.5 34.1 30.4 0.45 0.83 153 249 31.0 26.8 

LS0 05 AC!. 27.7 
 42.3 19.1 0.92 137 
 39.9
 

A 0.51 17.4 16.3 13.1 0.5. 45.0 20.7 
0.58 2.7 22.3 11.6 
 0.27 49.5 11.5 

0.32 7.99 12.2 5-52 0.26 
 39.5 27.6
 

V 35.25 62.0 
 22.7 17.1 23.9 29.6 17.8
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Table 5. 
 Analysis of variance table of F ratio for yield and yield components.
 

Unit 
 No. of Sterile Grain Days to 
 Days
Source of 
 Grain grain filled Panicle grains/ Panicle weight per first 
 to
variation yield weight 
 grains weight panic-le length panicle heading maturity 

Moisture (M) 228.1** 3437** 112.0** 49.6** 41.2** 31o2** 592.5** 157.58** 1117.7**
 

Nitrogen (N) 5.1** 8.22** 10.9** 1.6 
 3.35** 15.3* 13.2** 
 95.53** 35.95**
 

Variety (V) 0.6 66.77** 
 l.h 0.9 9.8** 6.3* 128.8** 20.70** 40.43**
 

MXN 18.12** 2.31 3.9* 0.5 
 4.01"* 9.4** 5.0* 26.70** 10.35** 

NXV 6.8** 6.13* 0.3 0.03 2.7 0.5 18.3** 0.75 5.12* 

MXV 1.5 1.30 3.7* 1.0 0.9 1.6 2.5 
 1.84 0.77
 

DMV 3.9* 1.74 2.7 1.14 1.1 
 0.8 1.8 1.3o 4.80** 
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Table 7. Analysis of variance table of "F" ratiu for root growth.
 

Source of variation F ratio 

Root length Root diameter Dry root Wei-ht of 3-cm Root number 
wei7ht section 

Moisture (H) 3.2 4.96* 9.25* 
 15.73** 6.36
 

Nitrogen (N) 
 0.9 3.13 3.44* 1.08 1.09
 

Variety (V) 17.6** 
 16.78** 3.61 
 2.67 0.06 

T4-)C 3.17* 1.87 3.11 1.12 
 1.63
 

NXV 
 1.70 
 0.95 3.52* 75**
.11 0.55
 

1IVX 0.84 0.12 1.54 
 1.50 1.15
 

IMTXV 
 0.57 o.94 0.75 
 1.65 0.50
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increased with an increase in nitrogen application up to 300 ppm N.
 
There was a significant decrease in dry root weight at )400 ppm of N.

There was no response to N application for dry root weight at soil 

moisture suction of 250 cm. Root number was drastically decreased by an 
increase in the moisture stress. The total root number of IR-20 was 820, 
459, and 518, respectively, for submerged, 100-cm suction, and for 

.2 50-cm suctico There was a similar effect on the root number of 0S-6 
(Table 6). Mean root diameter of OS-6 was consistently greater than that 
of IR-20 at all levels of moisture stress and nitroaen application. 
There was an increase in root diameter with an increase in nitrogen rate 
up to 300 ppm, followed by a slight decrease in diameter at 400 ppm N. 

Leaf moisture potential and leaf diffusive resistance. The influence 
of soil moisture rerlime on leaf' di'ff'usive resistance and on leaf water 
potential at di fferccit times during the day is shown iin Tables 8 and 9 
and in Appendices h0-50. Even in the morning during low evaporative 
demand, the leaf water potential decreased with increasing moisture stress. 
Leaf water potential of 1-20 was lowur (more negative) than that of 
03-6, particularly at high moisture stress. Nitrogen application decreased 
leaf water potential at 250 cm of water suction, but increased it for 
the submerged treatment. 

Contrary to leaf water potential, the diffusive resistance of OS-6 
was greater than that of 13-20. The diffusive resistance also increased 
with an increase in moisture stress. High nitrogen application rate 
increased leaf difusive resistance. 

Therefore, 0,-6 maintains turgid leaves even at high soil moisture 
stress, and its diffusive resistance to water loss is greater than that 
of IR-20. These characteristics of 0S-6 are important for upland 
conditions. 

General Discussions 

The data presented in previous sections confirm that there exists 
an interaction between moisture regimes and fertility levels. In upland 
conditions, the optimum rate of nitrogen application is lower than that 
in submerged conditions. For 1R-20, there is no real substitute for 
submergence or conditions of saturated soil moisture regime. On the 
contrary, 05-6 produced more y Ad at a moderate level of moisture stress 
by additional application of N. This indicates a different drought 
escape mechanism for O5-6 than for [R-P'O. 

The 05-6 variety has most desirable qualities for upland conditions. 
At the lowest livel. ot iiL troge n, tihe yield of O2-6 did not decrease up to 
100 cm of' water suction, while that of 1-20 decined exponentially with 
an increase in soil moisture stress. Because oW' the better root system 
and differences in leaf anatoirny, 02-6 has lower leaf water potential and 
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Table 8. Leaf resistance and leaf water potential. 

Leaf ::oistre potential Leaf moisture potential 

Source of 
Leaf resistance at 50' flowerin at grain/filling 

variation Panicle 

initiaticn tiliering 0800 1100 1LOO 0800 1100 1400 

Moisture (.) 5.72 2.89 0 11478** 2 .74"* 68** 

Nitrogen (N) 5.33** 4.58* 9.66** 11.24** 12.17** 5.31** 5.24* 7.74** 

Variety (V) 0.09 2.68 9.74** 3.76 1.42 0.91 0.44 3.06 
D1 L.95"* 3.17" 4.01** 4.22** 3.96* 2.57 2.04 2.68 

NXV 4.04* 2.88 5.46* 7.15** 6.24** 0.61 0.53 1.39 

Da " 3.12* 5.38** 2.38 1.26 1.47 1.32 1.56 0.69 

OTYKV 2.37 5.06** 4.14** 4.70** 4.69** 1.20 1.15 0.54 

_______________________________________________________________ _____________ ______________ ____________ _____________ ______________ ______________ 
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Table 9. Leaf water potential of TR-20 and OS-6 
(PSI).
 

Leaf potential Leaf' rcsistance Total wate: 
50% flowering 50% flowering Added/pot (m/pot

Treatments
 

cm Sec-l 
IR-20 oS-6 ITH-20 0S-6 TR-20 0S-6 

100 ppm N 295 27 .18 5.415 208 19I 

200 ppm N 267 2)5 3.91 4. 89 254 242 
° ° 300 ppm 11 250 234 4.38 1 .34 329 289 

/C1 100 ppm N 29h 220 3.61 1.28 329 311 

Varietal means 
 277 237 h.03 .71 280 259 

10° ppru 2529-)I0 pN N 257 2 5.2) 5.49 196 191 

/o@ 200 ppm N 299 210 4 . 90 3.77 225 278 

300 ppm N 280 295 4.98 6.h2 219 303
 

400 ppm N 335 ,62 5.32 6.21 129 250 

Varietal means 291 249 I 5.09 5.46 192 255 

100 ppm N 307 235 14.0 7.66 138 199 

200 ppm N 329 287 12.6 ].3.6 1-7 209 

V 300 ppm N 359 277 12.9 6. 5 116 13 

52.1 811.4
N 15 90 21.0 10.6400 1)pr1 

Varietal means 
 353 29, 15.1 9.08 108 159
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higher diffusive resistance tnan IR-20. The root system of 0S-6 is also 

thicker, deeper and more voluminous than IR-20 and these characteristics 

enable this variety to withsLand moderate drought conditions and produce 

economical yields where Ii-;'O cannot. 

The placement. o N fertili.zers nt 10-cm depth is generally superior 

to broadcast applicatLion. In uplund condition;, with moisture stress, 
better fertilizer efficiency nt high levels of input can only be 

obtained by assured water supply through sup_ oentary irrigation or 
better soil and water conservation and management systems. 
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12. SCREENING RICE VARIETIES FOR DROUGHT TOLERANCE
 

Some of the methods of screening varieties for tolerance to drought
 
stress have been described by Do Datta et al (1972, 1975). One of the
 
important criteria is the leaf 
water potential and the leaf diffusive
 
resistance of a variety. Truly, upland. vari, tes mai.ntain higher leaf
a 
water potential and hii.her leaf' di ffusive res.istance when subjected to 
moderate soil moisture stress than those varieties better adapted for 
submerged cu!Lur,. There are a lot of physiological and metabolic 
processes that arre directly and inidirectly affected by leaf moisture 
potential, and thus the latter can have a sigrnificant inrluence on growth,
development and yield of f ee. ver if the soil and condi-My environmertal 
tions (inc1ud1(u moi ur,: regime and factors affecting it) are identical, 
leaf moisLure no tent LaL or a variety then depends on its root system
developmnuLt od the leaf" ciha-acteris tics. [le leaf' characteristics 
important to m. ntuin high mo:i sture potential a.nd high diffiusive resis­
tance are: pre:,mic, or absence- of cuticle, leaf' hair, and stomatal 

'orratalaperture ands behavior. From the point of view of physiological 
response, hairve:L index can also e an important criterion for selecting
variety against drouqht stress. Root characteristics desirable for upland
conditions have al.ready been described in Chapter 10. 

An experirmient was conducted at JITA in the greenhouse in 1974 toinvestigate rdant height, growth, diffusive resistance, leaf moisture 
potential, grain yield, straw yield, and root development of 20 varieties 
grown under similar conditions of drought stress. 

Twenty rice varieties were grown in 5-gallon containers packed with 
surface soil of Apomu series at a bulk density of 1. bcm- 3 . Soil moisture 
suction of 100 cm at 15-cm depth was regult,it by [he use of tonsiometers. 
A known quantity of irrigation water was appliea in accordance with 
tensiometric measurements. Tensiomnetric observations were made three 
times a day, and irriqaticn water was applied through a sub-surface 
perforated irrigation tube positioned in the center of the container. 
A uniform application of' nitrogenous fertilizer was made at the rate of 
200 ppm, in three split doze applications. Details of the procedure have 
been described before. 

Rice seeds were planted on Y February, 1974 , in containers already 
maintained at a so.. moisture suction of about 1.00 cm at 15-cm depth.
Seedlings were lhimed to four" per pot, one week after emergence. 

Periodic oh; e.rvatI. were for plant height ,omis made leaf moi.ture 
potential , rid ],cal" dif'fusive resist ance . The daily consumptive water 
use for each varity win care fuliy monitored. Yield and yield parameters, 
and root qrowiii were monito red at harvest. 
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Consumptive water use and days to mat'rity. Table 1 shows the consump­

tive water use and the nunber of days to maturity. There are few varie­

ties which used l.sn than 100 cr of water in th-ir growth period. There 

are no . [ ,inif'jiant liorf'orenioi fo varieties; toward the number of days 

to maturi ty Mon. t of' them reJiir0d lfO-110 day; f'rorn plantring to harvest. 

Yield anid yi,,L coDr ionrt. ata nhown ii Ta, h1 i-ndiate :;iignificant 

varietal di.I'f'e:r: 'e' in y id, per un1i t ity water'rai n 1A y[,e]d ian of' 

used, pan!.ell,] t I, ,'rjim;/pari Hto, unit grainWwij f'.loral sterility 
and final lrtuft ,i:,i0ditharvest The data on total grain yield and 

the yield pr-r un,it ilu tiy of w'ter consumed clearly distinuish some 

varieties from ni oth :r . Ii,. , vari.otien V and 11 a-re superior to any 

other vare ty t.;, ' Ii Khorh ' .1d/ n of' water us,-ed in these two 

varieties a.!;o cworren id wt Aiorli r avorabl,: characterint,icl such 

as hir.h siurbor of1 hi.ofh uiit ,,raln weiht , low floral_vr.parrio, 
sterility, and to-t,' d h(-ei ;ht (Tab](. ).)w- iin11ani t 

1 t iS',~J toe; t, mr to ob:;,rv, t}rt gr'an yi.,e.d wan -;i[,nificantly 

related to th: ,, uribr of' ura inn./ ,anIo ,:, init grairi w, i ght, and floral 

sterility (niogativ, ) an. shown by th,. data presented in Table 3. 

Dry matten Lon t.t rowth 'Ptagh(.datla .hown in 

Table h indicate :; i go[ f'i cant di P ,ere e n the .,straw weifit,, produced 

at dJiforent ,growth n.ta.e1 iri varioun var ie.tien . hoth wet arid dry straw 

weifht' of variot, K (11( I are 1ower than the (thifr varieties-; tested. 

Though the dry :;t,raLw wi: jht at. 'rrv(n t i:; low(r, t.hf Iry woight- at other 

stag'es is rot . IIhIn imp,][en that, then o two var:Ieies K arid N. are more 

efficient than the otihore: in trans plan tin dry matter in to grains. The 

harvest index of var'iet ieo K, N, P and S is supe_.rior to others and is 

above 1.5. 

rIrodue at, diffeir i ie 

Leaf water potential and leaf diffusive resistance: The data on leaf 

water potential measured at 50U floweringf, grain filling, and maturity 

stages of frrowtii are ;hown in Table 5. The leaf' water potential of 
regardless of highvarieties K, II and han bbeen hijh (len;s natiwye) 

soil moisture 5u,,t on. Mimi. l ata for laLf' df'f'usive rosistance are 

'lablt ' 6. Dir'i ri, hi ,I eva orat iv : d,-narrd (l);00 hour), thes hown in 

leaf' di f'f'un io rn istarce of' both van es K and N i; generally glreater
 

than other ';a rio:L on. This was a,,rt ictular].y true, durinfg the flowering
 

St;ago of' cr'op dei',,opment
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Table 1. Total consumptive water use (cm/growing season) and days
 
to maturity. 

Variety Accession number Consumptive water use (cm) DJays to maturity 
code 

A Tox 7-3-8-2-1 93.7 131-

B Tox 7-3-15-7-2 94.1 138 

C Tox 7-h-2-5-2 85.3 138 

D Tox 7-3--3_hBl 91.9 138 

E Tox (-3-5-8-B1 115.2 138 

F Tox 7-3-15-B 97.-1 119 

G 'fox 7-3-4-10_BI 91.2 138 

H Tox 7-h-2-1-BI 126.1 138 

T Tox 7-3-5-BI-B1 108.1 131 

J Tox 7-3-15-6-B1 85.3 138 

K Tox 7-3-18-6-B 97.0 138 

L Tox 7-3-11-8-B 105.3 138 

M Tox 7-2-4-3-B 103.5 138 

N Tox 7-3-16-6-B2 99.1 131 

0 'Pox 7-3-11-6-B? 97.4 138 

P Tox 7- 3-,-9-B, 97.1 138 
Q Tox7-- 6-3 i01.8 131 

R T :93 7 - 2 121.4h1]6 

S 'Pox 7-3-1]-3- 94.4 131 

T Tox 7-2--2_B, 2 109.3 119 

U 0w-6 113.7 138 

V IR-20 133.1 138 



241
 

Table 2. Grain yield and yield components.
 

Variety 
Gra.ir yiiid 

,/Pot 
Gra1in y7i.ld 
jar cm, orf 

1'4nicle 
I :t h 

Grain,/ 
[f:ai.n 

Unit grain 
wcighL 

Sterile 
grains/ 

./1.00 panicle 

A 3,.1 ..&..hO o o:. 62 
B 5 i (. I/) IO I . 3 29 
C 37.1 O.A V3.7 A]l 1.91 hi 
D 26.6 0.,0 20.2 99 .25 50 
E 27.)' 0.2', p3.6 110 1 .,() 33 
F .. p . 0 39 
S4 .. 0.I.h .. W, 38 

.5, O.P6 ,. .1 13 22 
I NO.'.1;' l.o34 .17 14 
J 13. 0.15 P2.9 119 1.23 56 

K 85.s 0.38 20.g Al 2.03 18 
L 55.7 0.5 3 " p 139 1.73 24 
M 0,h.1 1? ',0.7( lip. 1.55 ho 

N 90." 01 "1.5 129 2.20 7 
0 20.' 0).p] 19." 8T( 1.. 12 J4l 
P 57.R 0.(0 23.0 85 1..40 40 

Q 57.1 0.56 PP.A 105 1.82 22 
R 77.5 0.6h4 ;?7.3 143 2.11 18 
S 70.5 0.75 20. 1O 1.93 18 
T 61,. 0.59 20. LP8 1.67 32 

U , o.0.66 p7. I 91 1.53 38 

V 22.! 0.1.7 ').3 17 1.37 24 

Mean - ').p52.6 108>. 1.7 33.5 

. 6 ... 0.30 13.6 
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Table 3. Regression equations of grain yield with other parameters. 

Dependent variable Independent variable r Regression equation 

Grain yield tarlnici ,'rnth 0.07 Y = .6 + 0.7×/ 

Grain yield !Grair/ranicle 0.53* Y = -20.8 + 0.71x 

Grain yicl,1 Unit frain wei ght 0.67** Y = -57.8 + Js3.9x 

Grain yield terie grain (no) -0.53* Y = 53.1 - 0.97x 

Grain yield 
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Table 4. Dry matter production* at different qrowth stages (g/plant). 

35 DAP 55 I)A' 70 DA' 90 DAP Harvest (g/pot) 
Variety 

Wet Dy Dry W,-it )'y Wet Dry Wet; Dry 

A 0.70 0.16 9. -1 0.(0 16.00 .- ;6.8 8.91 185 h9 

0.88 O.1 C , ,0. 16.4 l.0 ..3 h.3 10"yi. i1 ;,lh 56 

C 0.57 0.1 p.., 0.9, B.9) 1.98 ;,1.87 6.8p 211. 68 

D 0.6? O.k P.61 0.6, 7.71 1.97 0..57 6.70 P12 57 

1.5h 0. 39 ..7 1.81 2'.56 . 65 10 .48 9.91 PQ1 641 

F 1.4( (.,1 ' ..7 I .' , 4 5.p j 5,1.of 12.98 180 60 

NO o.1 . D'.',' o( 7., 1.77 P5.'9 5.89 205 55 

11 1.71 0. 6 I -R.8; 266' ., 9, 7R.A0 .18.PO 310 93 

I 0.68 0.2'0 7.5w 1.0 2.7 5.11 59.16 13.3p 305 78 

0.59 0.16 .iO 0.9p 9.8 Pap 737 7.87 189 5)1 

K 1.3' 0.. .8P9 An0.7;1.79 62.19 15.55 158 144 

L 0.87 O.91 7.9;' 1.77 l .7, . '70 ON.96 11.. 73 203 52 

M 0.57 0.1h 3.10 0.67 17.20 1.67 5.'] 9.63 ,W.6 50 

N 1.78 0.36 1689 W5 P'.60 6.PO 76.-1h :2.91, L68 17 

0 1.83 0.35 1.91 3.38 '.5 5.w 9.11 I2.22 2140 59 

p 1.49 0.) 10.7h P.2 23.89 '3.60 5h,.1 15.62 179 25 

Q 1.10 0.24 10.0h P.0o6 ,';,'.15, . i 51M*. 1 .00 210 56 

R 1.5h 0o 6 10 .. (6 2.'/y.;:2.80 7.10 81.8 ' 0.0 202 57 

G 0.96 0.21 9.M8 1.8;' 1.38 h.16 h91i 1.11., 80 1"6 h5 

T 1.5 0.11. 8,h.11 .6) 8."'I 3.8( 1.11I 15. 0 190 h9 

u I1..09 0.25 ',. '5.0 1.I. 16 .91; W.60 i;' .88 398 118 

V 0.51 0.13 2.95 0.69 9.95 P.58 10. 6. 351 97 

* Mean of Three replicatLons. 
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Table 5. Leaf water potential (Bar) and corresponding soil moisture suction (cm) 

50" ]alower :Irig1 Sae raiL n fiilg tage Matur.Ly 

Vare 1100 1~mc" 1 f100 hour 100 hour T0ou . 100 hour" 140 hour 

L2, 
____'___ 

I"t., 
' T_____i 

I, 
r 

,, 8.t 2 
'' 

~ sY 
, 

. ( r 

A1.9.52 75 !.y1 50 1. / .83: 3 .9. 2 '( 9. -1-3 2 5 .1).8 '0 

B 17.50 60 1.,8% 1l(O 17.16 0O 19.85 1O0 1.".6 50 2,1.20 75 
20.1.9 50 10 17.60 1100 1, 1'().86 100 
PO,, ,cw0 86 L0 8- - 60 ,)]..> 110i .i.8 I 55FF .8 o 

D 18.17 100 1-9.51 150 1 (.3 , 90 1-9. ].100 17.50 O 1-9. 85 )to 

8 19.,.8 '(5 .8.), 1120 17.83 0 1.9.85 50 I1).51 o10 19.85 20 

F 18. 51 75G~~ .l9 .
'. ~ 

170 1,3. 
~0"J 

. 110 19., 1O 19.18 50 21. 53 1140 

G 19.18 100 ''0.52 .16.1il0 
~ ~~-.]-810

20.1. 160 15 6!- 95 21.53 120 

1.9.,-. e 0.9 -170 17.83 89 1.9. 5 120 17.50 85 19.85 120 

I 18.51 75 >9.10 100 16.82 20, 20. 2 50 J-7 .16 25 1.8.17 .1.20 

.8 . . 6 .. 8, 1.10 20.1.9 20 18.81h 85 1.9.52 2o 
K 18. 814 2-0 2.1. 1.0 1'.7 .]6 50 20.1 

I9r'7 00 )0 1-"', 
120 16.19 

16.)o 
50 1.7. 11 1.30 

-Y 1 

L. 52 220 20. 19 '20 23.89 25 20.19 60 21.. 53 180 

M 17.16 1.60 L. 5 3 )15 17.50 60 PT.87 100 1.6.1-5 25 18. 81 C0 

N 19.52 300 20.19 .1.01 1.7 . 50 80 .8. 1. 160 17 ..50 100 10 .1.8 1110 

0 1.9.52 50 20.1" 1.00 11. 1 ( 50 18.8 100L .O7.83 20 11-8.8 25 

P 19..,, 110 :0 .,0 180 11.7.50 ')0 20.19 .1140 ±8.1 7 60 19.85 .20 

Q 1-9. -1 o1 1 ..;87 1;'o .6.0 7 " o . 86 1-.3o 1.6. .20 1.9.85 160 

8 19.8,' .2, 10.1! i, 07.84 50 2i.89 ](00 111..8 ;2o.52 .oo 

1 10.52 1.10d ;10 I.11 70 2)0.211. t 1.6.1. 1.00 .7.50 12!O 

T -0..o1.00 t>1 1.0.8%W 0 2.'o 160 19.18 120 20.]1.9 50 

U 20.19 o100 0. ,00 i ..16 60 21'o.', o 1.. 1o 19.85 ',o 

V 21.OL . 7'"00 25 1.( 50 19.8 60()o 20.52 

LT rev:' to twii. ] pt water sotenL:tl. in bars 
0'i' refe'r- t,r Oi] WatLter -ict, ion in ci at 15. cmn depth. 
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Table 	6. Leaf diffusive resistance (Sec cm-1 ) and corresponding soil water suction (cm)
 

50,'j Flowering stace Grain fillin- stage Maturity 

Variety 0900 1100 1400 0100 100 1400 0900 1100 1400 

L S, L L 7 L1 1 
S LD 1) '-"i D '' L D '1'i L D Si' 	 L S 

'4' 

A 	 3. 35q 1.81 50 3.:11 -PO -.37 - 14.23 25 3.33 25 .61 - 6.5 00 6.99 20 

'i.23 70 :.67 75 3.,87 100 4.04 - 4. 5r0 2.51. 0 7.95 8.h8 1.20 5.73 120 

.1.. 13 5-.95 h5 1 .89 )45 6.12 - 8)0' 1;0 7.81 70 

D 2.25 20 1.68 30 )140 3.01 - 4.02 20 3.29 20 9.07 - 5.98 450 6.89 0 

E 2.38 75 1.81 70 3.50 200 3.48 - 1h8 25 2.56 25 5.83 - )1.7 7 120 5.09 130 

F 2.60 75 1.75 90 3.30 100 3.77 - 3.57 75 3.51 75 5.51 - 6.56 6o 6.06 1140 

G 2.11 75 1.67 90 2.72 180 2.62 - 3.51 80 2.87 80 4.98 - 6.50 150 6.05 130 

11 2.110 80 1.73 100 2.32 120 3.92 - 3.32 80 3.11 110 1.75 - 5.13 150 7.06 100 

I 2.95 105 1.77 120 2.85 1)40 3.1 - 4.21 25 2.83 25 1.63 - 6.43 100 6.52 160 

J 3.18 75 1.68 75 2.45 iliO 3.77 - 4.145 75 2.93 75 5.17 - 5.69 100 5.23 140 

K 2.22 100 1.93 140 3.51' 50 2.57 - 3.85 25 2.90 25 6.61 - 10.94 480 5.10 30 

L 2.60 75 2.07 110 3.24 150 3.92 - 3.97 20 3.65 20 4.05 - 5.72 120 5.39 100 

M 2.3 50 2.30 75 2.76 120 3.42 - 5.15 25 2.41 30 5.52 - 6.01i 120 5.40 130 

N 2.25 95 1.76 110 2.146 -1.40 3.22 - 4.1h 100 2.5h4 100 4.89 - 5.06 1.00 6.145 1140 

0 3.65 '5 1.75 6L 3.95 120 5.22 - h4.31) 25 3.83 30 ].66 - 9.20 320 6.58 0 

P 2.95 180 2.05 25 3.01 50 3.15 - 5.00 75 3.29 100 3.83 - 5.90 80 7.57 1110 

Q 3.73 50 1.52 70 3.79 100 3.71 - 4.31 50 3.38 50 5.23 - 10.10 60 11.55 120 

R )1.11 75 2.71 75 3.39 120 3.75 - 3.92 50 3.148 50 53.86 - 8.35 110 6.34 120 

S 2.11 80 1.76 90 2.57 130 3.10 - 4.11 50 2.62 50 3.149 - !.92 60 6.99 i00 

T 2.90 60 1.61 75 3.20 120 14.36 - 3.78 25 3.3h 30 5.20 - 7.78 180 1.85 20 

U 2.33 210 2.05 )0 2.53 50 3.87 - )1.53 50 3.63 50 4.38 - 1.79 50 6.61 100 

V 2.60 25 1.75 30 2.80 70 2.89 - 1.5141 130 2.50 25 2.28 - 4.43 25 5. 6 4 145 



246
 

Conclusions
 

Some of the desirable characteristics of rice varieties for upland
 
conditions are:
 

(i) Low consumpt4-e water use 

(ii) Low leaf water potential 

(iii) High lear diffusive resistance, and elastic stomatal behavior 

(iv) High grain yield/cm of' water use
 

(v) High unLt qrain we[rit. 

(vi) Low flora]. ,wterility
 

(vii) High ;,ercentage of grains/panicle
 

(viii) Hih harvest index
 

(iv) Low total leaf area
 

(x) Better root development.
 

In addition, the technique of screening rice varieties for drought
 
tolerance described in here can be successfully used for selecting
 
varieties for their drought susceptibility.
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13. PROSPECTS FOR RESEARCH FOR INCREASING RICE PRODUCTION
 

Demand for rice is on the increase in West Africa. Most of the
 
countries there are now importing a sizeable amount of rice from
 
overseas (USAID, 1968).
 

Intensification of rice production in West Africa to meet the
 
increase in demand will depend on solving the problems of water manage­
ment. A satisfactory solution to this problem rests 
on our scientific
 

7knowledge 
 of plant-water requirements for rice under various soils and
 
ecological conditions.
 

Rice production in West Africa can be expanded rather quickly by

developing the soils of valley bottoms". 
This can be done, no doubt with
 
relatively high initial capital input, for large riverine regions

including the Niger valley, the valley of river Senegal and other similar
 
regions. Similarly, large-scale development projects for rice produc­
tion can be undertaken in the tropics of Latin America in the Amazon
 
region. In addition to these large-scale projects with relatively high

initial capital input, small-scale development of valley bottom soils
 
can be undertaken by individual farmers. There is a guaranteed water
 
supply in these valley bottom soils. 
With the use of improved varieties,

adequate nutrient availability, and disease and insect control measures,
 
rice production can be quickly increased by developing these valley
 
bottom soils.
 

The data presented in this monograph, similar to the conclusions
 
arrived at by other workers, clearly indicates that submergence is not
 
necessary for optimum yield, particularly if these valley bottom soils
 
can be kept at near saturation level. A slight soil moisture stress
 
during the vegetative stage of growth may not substantially affect crop

yield and performance. However, an adequate water control system with
 
proper bunding is necessary to alleviate soil moisture stress during

periods of drought, and provide drainage when necessary. Fertilizer
 
requirements under submerged conditions may, however, be high for sandy

soils which encourage leaching losses. Leach4ng losses of applied
 
fertilizer on sandy soils are generally high in the initial pses of
 
soil development, but can be minimized with some control on the depth

of submergence and on split application of small doses of nitrogenous
 
fertilizers.
 

The techniques of water management for the valley bottom soils are
 
well known. It is the application of these techniques that require the
 
use of properly guided extension services. One such example is the 
project "Mesagana 99" successfully launched by the International Rice 
Research Institute in the Philippines.
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In addition to rice production during the normal season, valley
bottom soils have adequate water supply in the dry season to enable
production of such upland crops 
as 
soybean, maize and perhaps vegetables.
Some of the crop rotations and cropping sequences for valley bottom soils
have been investigated in detail by Moormann et al (1975). These

experimental techniques and results need to be verified under othe 
' 
ecological conditions.
 

The majority of rice production in West Africa at 
present is under
upland conditions (IRPI, 1975). '['he problems of' water management under
upland conditions are more 
severe and complicated than those related to
the development of valley bottom soils. 
 There are various interacting
factors under upland conditions, including the rainfall amount and its
distribution, soil characteristics and the varieties. 
 Nothing much can
be done about tie precipitation, except that upland rice should be grown
in areas where 
the annual precipitation exceeds evapo-transpiration at
least for 6-ti months of the y,ar , vad there is a 
good probability that
the number of rainless days durin; the eritical phases of rice develop­
ment will not be more than 5 to 7. 

The soil lactors are important. In addition 
to the fertility
status of the soil, selection of suitable soil types 
must be based on
 range of soil physical char'acteristics. 
 These should include texture,
moisture retention characteristics, slope, depth of the rooting zone,
and the compaction characteristics of the soil. 
 Soils of hi h-moisture
retention capacity, .i.e. the available range o1' water, should
preferred. The r ,' tirig depth of at 30 
be
 

least 
 cm is most desi-ble. The
soils should not be located on the steeler zones 
of a toposequence.
 

The selection of suitable varieties is 
the most important factor
in this chain reaction of improving rice production. 
The selection

method used for growing rice varieties under field conditions nre not
adequate. The variability in tropical soils, 
even over short distances

is too much, and it 
causes a considerable degree of error 
in the
experimental results. This is true even under dry conditions when aknown quantity of irrigation water can be applied i n the field. The use
of "hydromorphic toposequenC" 
 is a better technique only if there canbe adequate assessment of soil moisture conditions at different locations
along the seepage zone. 
 The seepage zone loes fluctuate from season 
to
 
season and can create an 
additional variable.
 

The selection technique described in Chapter 1Q of this monograph
is adequatw, ',-'ovi ded 
care is exercised in moni tori soil moisture
regime precisely and in relating era
ro yield to ]eaf water potential andJ.eaf diffusive resistance . 'hi s technique could be improved toincorporate an automatic i.rri.aItion system, OM.i [tr to the one dus erLbedby IRRI (1975). There are 
considerable problems associated with
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auto-irrigation system in a pot, particularly if the soil moisture
 
stress to be imposed in a sandy soil exceeds 100 
cm of water suction.
 
The hydraulic conductivity of soil at higher suction becomes a limiting

factor in eouitabl, water distribution in the entire soil mass. More­
over, the roots have a tendency to be concentrated around the ceramic
 
cup, the source of water supply. hoots and the plant are therefore not 
experiencing the expected stress.
 

Large containers buried in the 
soil under field conditions with a
 
plastic roof to 
prevent rainfall have also been used successfully at
 
TITA (Plate 1). Tis technique is a good compromise between the field 
and the greenhouse condit:ions. The soil mass is larger than most of 
the pot sizes asualiy adopted for greenhouse work. The water table
 
depth can be maintal,,d ak;a desi-red level throughout the growing 
period, or fur any duration Lt a given stage of crop growth. The 
evapo-transpi ratin can be preci sely calculated by cal ibrating the 
mariotte bott] used and by keeping the records of 
daily consumptive
 
water use. °rf',rentL soil types can also be used for testing the per­
formance ofUvarous varietie:; foar soils of different moisture charac­
teristics, nutr iit suppdly or root i;F depth (Maurya 
 and [Lal, 1977). 

A t '-hniJque whi ch can lncorlorr a series of constan, soil 
moisture regimes in a larg,: body a I soil, and can maintain the desired 
moisture regime automatically throughout the growth period, is perhaps 
a better s y: tcm than any of those ,Lc2-ribed here or in the IRRI manual. 
A schematic sketch or thi:; ;ystem is shown in Fig. 1. To avoid 
het1rogqnoty p
troble0ms, a uilform s.l1 can be 
 packed in a dug-out pit

of "-m ,imot.r "and 5n am dIll. A L -cm wide trench filled with 
coarse
 
sand can be used an . urce f wator supply. Change in the depth of
 
water tabl, ].i Ui; a-ren. e diff'erential moisture regimes
tA trench will 

at various points along the radial ,axis. This technique is generally 
used by soil pih/sicists in calcu]nLnq in-situ unsaturated hydraulic
 
conductivity of a soil monolith. If a urif'orm soil profile can be
 
artificially createld, a sesic of tensiometers or neutron probe access
 
tubes installed at various dpLth', lon radial distance will nelp
determirio the mois01 , okI,10nLion rofmi e at ,iaL'I2rent distances from 
the free water sourc.e. Crrop, var . i, lanted along radial axis or 
alonig cocentric axis in th , circle ci be! igrown at a series of constant 
soil moisture regims. soil1If ti,, moisture characteristics can be
 
precisely monitored., flux mifa:;Iur,'mrts can also be made to provide an
 
estimate of evapo-transpiration at 
various moisture regimes. One can 
provide a good cultro] on soil moi:tore regime even next to the water 
supply by rerulat,rig tho! depth of W;atur .n the irrigation canal. 

,
A soIhit, it to the problem of witkr manlagneeri in rice demands a 
colabora ,t of tort o' soil dhys cl;, ,I plant physiologists , agronomists 
and plant breedrs. 
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Plate.1. Plastic greenhouse installed over the
 
field lysimetric set up.
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Free water surface 
Wall made of porous blocks 

Filled in uniform soil 
mass 
Tensiometers 

Neutron ProbeAccess tube 

Fig.l. Maintenance of soil moisture regime for screening
 

rice varieties for drought stress.
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Appendix la. 
 Chemical analyses of soil sampled from different lysimeters
 
established at TITA, IbadRn. 

Lysimeter pH i: 1H 2 0 E.C. Millimhos/cm K (ppm) Ca (ppm) Na (ppm) 
1:2 H2 0 

1 6.5 0.11 78 10)42 97 

2 7.1 0.10 74 422 65 

3 6.9 0.10 69 437 66 

4 6.6 0.11 52 260 63 

5 6.6 0.114 9. 590 88 

6 7.1 0.32 259 606 108 

7 6.6 0.12 127 7IO 78 

8 7.0 0.13 121; 5145 68 

9 6.7 0.11 70 480 78 

10 6.7 0.13 152 152 78 

ll 6.7 0.111 130 130 90 

12 7.0 0.10 57 57 68 

13 7.0 0.11 59 59 68 

14 7.0 0.12 93 93 73 

15 6.7 0.12 92 92 81 

16 6.6 0.12 98 98 85 

17 7.1 0.14 109 109 8h4 

18 7.1 0.12 9)4 94 75 
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Table lb. 
 Organic carbon and textural analysis of soil from
 
different lysimeters in rice, established at IITA, Ibadan.
 

Mechanical analyses 

Lysimeter Organic 
carbon (t.) Sand Silt Clay 

1 0.66 32.0 27.64 40.16 

2 0.36 75.2 8.64 16.16 

3 o.6o 70.2 11.64 8.16 

It 0.24 75.4 12.44 12.16 

5 o.64 64.04 17.16 18.80 

6 0.50 66.04 16.80 17.16 

7 o.98 59.04 18.80 22.16 

8 0.58 60.04 23.16 16.30 

9 0.54 64.4 17.44 18.16 

10 0.58 63.68 16.72 19.60 

11 o.68 63.68 16.72 19.60 

12 0.20 67.68 13.00 19.32 

13 0.18 66.68 14.72 18.60 

14 o.4o 68.96 15.08 15.96
 

15 
 0.62 68.96 15.08 15.96 

16 o.56 66.96 15.44 17.60 

17 0.12 62.96 16.44 20.60 

18 0.44 68.96 14.44 16.60 
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Appendix 1. Chemical properties of the surface soil.
 

Sample pH Conductivity K+ Ca++  
 Na+ Organic
Rep. 1:1 H20  millimho/cm (ppm) (ppm) (ppm) carbon % 

1 6.3 0.26 105 68o 18 1.36 

2 6.3 0.28 loll 650 46 1.32 

3 6.3 0.26 105 690 50 1.36
 

4 6.3 0.26 107 690 50 1.32
 

5 6.3 0.26 108 670 )18 1.38 

6 6.3 0.27 112 664 18 1.34 
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APPENDIX 2 

EXPERIMENTAL METHODS 

Evapo-transpiration was monitored usinr fieold lysimeters installed
within a large paddly field. The height of water in the lysimeter was 
kept constant by using a mariotte bottle technique involving a 220-liter 
water tank and a valve to regulate the water supply (Fig. 1). The 
amount of water (rrn) roquired to maintain a constant water level in 2 
hours was recorded as evapo-transpiration. 
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APPENDIX 3
 

MTHODOLOGY 

Effects 	 of submergence treatment imposed at different growth stages: 

(Field studies):
 

These experiments were conducted during May - September, 1971 using 
open bottom lysimetors installed in a large rice paddy Field. These 
lysimeters were 3 m in diameter and 50 cm deep,. Lysimeters were 
installed by digginrig narrow circular trenches around a 3-m diameter 
undisturbed soil monolith. Three of the 18 lysimeter rings were buffered 
against seepage From outside bj a plastic lining up to one meter depth. 

The moisture regime under submargad condition was maintained to a 
depth of 7 cm of water. A stL11 well was installed on one side of the 
rings to monitor the depth of water in the ring using a Hook Gauge and 
Vernier scale. 'Thudi ff'ere-ice in water height on two subsequent days 
was considered as consumpt ive water use . The heirht of the water in the 
rings was never ali.owad to Pull below h.5 cm. 

For this experiment the following treatments of soil moisture regime
 
were imposed:­

(i) 	 Saturated soil, no submergence 

(ii) 	 Submergence from 20 days after planting (DAS) 

(iii) 	 Submergence from 35 DAS 

(iv) 	 Submergence from 55 DAS 

(v) 	 Cyclic submergence of one week with drainage in the
 
following week
 

(vi) 	 Rainifed. 

All treatments were replicated thrice and imposed according to a 
completely randomized designi. Pre-soaked seeds of TR-20 were broadcast 
in shallow water both inside the lysi no te'r; and the large paddy field 
simultaneously on May, 1971. Rice was harvestood on 23 2;eptember, 1971. 

The chemical and phys ical analyzesos orF the soil From each of t;he 
lysimeter were done before in i t iatig u the experimenm t, and is shown in 
Appendices la and lb. The soil texture ranges From sandy clay loam to 
loamy sand, except soil from lysimeter 1, which has a high clay content. 
The pH1 is neutral and salt content is not high. 
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Sandy coarse textured soil caused high leaching losses of nutrient
 
elements. Consequently the fertilizer application for NJwere made at 
frequent intervals. The fert[lizer schedule and the amount of 
fertilizer added was: as follows: 

Date Amount of Arnoniun sulphate nitrate 
added per Iysimeter (g) 

26-5-19°( Id g 

10-6-1971 t l g 

25-6-1971 100 g 

5-7-1971 hl g 

7-7-01 I g to lysimeter 12 only 

1h-7-. 971 Ill g. 

Simultanoii; applications of nitrogenous fertilizer alsowere made
 
in the entire Field 
at the same rate as that of the lysimeters. The 
total amoun t of r:itrogen applied per lysimeter for one crop was 
equiva.rttnu ioWO k, H/ha. 

Periodic obhsrvations wore made for soil mois ture potential, plant
height, tillr con: t, dry matter production and nutrient uptake by
tissue aralysi:;. Yield 4nd yiel(id com~iponent:: were assessed maturity.at 
Leaf area was dret,:rmirnod by direct measurement using a shape factor of 
0.77. 
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Appendix 3. Evaporation from free water surface in the greenhouse.
 

Date Evaporation Date Evaporation Date Evaporation 
(mm) (rmi) (mm) 

25.7.1971 3.12 

28.7.1971 1.04 19.8.1971 0.52 9.9.1971 2.08 

29.7.1971 1.04 20.8.1971 3.12 10.9.1971 3.12 

30.7.1971 1.04 21.8.1971 5.20 11.9.1971 T 

1.8.1971 1.0)i 22.8.1971 3.12 12.9.1971 4.16 

2.8.1971 1.0h 23.8.1971 3.12 13.9.1971 3.12 

3.8.1971 1.56 24.8.1971 2.1.0 111.9.1971 2.60 

4.8.1971 2.10 25.8.1971 1.04 15.9.1971 3.64 

5.8.1971 1.56 26.8.1971 0.52 16.9.1971 T 

6.8.1971 0.52 27.8.1971 4.16 17.9.1971 T 

7.8.1971 T 28.8.1971 T 18.9.1971 1.04 

8.8.1971 2.10 29.8.1971 '2.08 19.9.1971 4.16 

9.8.1971 0.52 30.8.1971 4.16 20.9.1971 4.16 

10.8.1971 T 31.8.1971 2.08 21.9.1971 3.64 

11.8.1971 T 1.9.1.971 1.0h 22.9.1971 2.08 

12.8.1971 T 2.9.1971 1.30 23.9.1971 1.01 

1.3.8.1971 T 3.9.1971 ".60 24.9.1971 2.08 

14-.8.1971 T 4.9.197:1 T 25.9.1971. T 

15.8.1971 2.60 5.9.1971 3.12 26.9.1971 2.08 

16.8,1971 1.04 6.9.1971 2.34 27.9.1971 h.16 

17.8.1971 1.56 7.9.197 0.52 28.9.1971. 2.08 

18.8.1971 2.10 8.9.1971 1.56 
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Appendix 4. Weekly mean relative humidity (%) and temperature (C° ) 
in the greenhouse. 

at. i . hiuurl i y ( ) Air tempera t urte (C, 

Month Tim(, 
1i-7 8-1- 3 ;-30o6-; 1-7 5-15 16-,0 3b-30 

.hy 0,00 - - '1 1.2 - 31.- 33.8 

May 1500 - - 74.7 6y.5 - - 35.9 19.3 

June 080n 78.0 95.3 97.3 YI. 33.1 33.3 21.6 2-.8 

JuIe 1500 7 1 .0 87.5 70. 8 70.-1 ;6. . ;8).o ,6.6 

July 0800 98.7 96.7 93.0 98.0 2.5 31.3 3. '2.8 

July 1500 73.6 80.9 79.0 o7 37.9 :h5.7 3.9 25.8 

August 0800 100.0 100.0 95.0 89.9 31.7 31.6 3].7 119.1 
Aufust. 1500 39.5 90.5 77.6 75.5 31.9 5.1 25.0 3.6 

September 000 

Septenber 1500 
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Appendix 5. Influence of soil moisture regime on live shoot weight
 
at harvest. 

Soil moisture regime Variety Live shoot weight (g/pot) 

Zero suction OS-6 316.5 a 

Submergence 20 DAS OS-6 313.3 a 

Submergence 55 DAS OS-6 274.2 a b 

Submergence 35 DAS os-6 21h.6 a b c 

Submergence 35 DAS IR-20 192.1 b c d 

Zero suction IR-20 166.3 c d e 

Submergence 20 DAS IR-20 155.4 c d e f 

500-cm suction 0s-6 150.7 c d e f 

250-cm suction 0S-6 19.8 c d e f 

750-cm suction 0S-6 120.4 c d e f 

250-cm suction IR-20 120.3 c d e f 

Submergence 55 DAS IR-20 116.0 c d e f 

Irrigation at leaf rolling OS-6 94.5 d e f 

500-cm suction TR-20 71.2 e f 

750-cm suction IR-20 65.2 e f 

Irrigation at leaf rolling IR-20 50.5 f 
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Appendix 6. Influence of soil moisture regime on dead shoot weight

(g/pot).
 

Soil moisture regime Variety Dead shoot weight at harvest
 
(g/pot)
 

500-cm suction os-6 67.6 a
 

Submerge-ce 35 DAS 
 IR-20 66.6 a b
 

750-cm suction 
 0S-6 59.3 a b c 

Zero suction IR-20 56.7 a b c 

Submergence 35 DAS 
 os-6 54.0 a b c
 

Submergence 55 DAS 
 0S-6 53.2 a b c
 

Submergence 20 DAS 
 IR-20 45.6 a b c
 

Zero suction 0S-6 39.7 a b c
 

IrrigatiLn at lead rolling 0S-6 
 33.3 a b c
 

750-cm suction IR-20 30.4 a b c
 

Submergence 20 DAS 
 0S-6 30.3 a b c
 

Irrigation at leaf rolling IR-20 
 20.8 a b c
 

Submergence 55 DAS 
 IR-20 19.7 a b c
 

250-cm suction 
 os-6 15.8 b c
 

250-cm suction IR-20 13.7 c 

500-cm suction IR-20 10.4 c 
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Appendix 7. Influence of soil moisture regime on final plant height.
 

Soil moisture regime Variety Final plant height (cm) 

Submergence 55 DAS os-6 208.0 a 

Submergence 20 DAS os-6 204.7 a b 

Zero suction oS-6 202.0 a b c 

Submevgcnce 35 DAS 0S-6 170.0 a b c d 

Submergence 35 DAS TR-20 14;2.0 b c d e 

500-cm suction OS-6 139.0 b c d e 

250-cm suction oS-6 136.3 c d e 

750-cm suction oS-6 135.3 c d e 

Irrigation at leaf rolling oa-6 117.7 d e f 

Submergence 20 DAS IR-20 lih.7 d e f 

250-cm suction IP-20 113.3 d e f 

Submergence 55 DAS IR-20 106.0 d e f
 

Zero suction IE-20 105.0 d e f
 

500-cm suction IR-20 76.3 e f
 

750-cm suction [R-20 65.0 f
 

Irrigation at leaf rolling JR-20 61.3 f
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Appendix 8. Root weight (g/plant) of IR-20 and OS-6 as affected
 
by soil moisture regime. 

Soil moisture regime Variety Root weight g/plant 

Submergence 20 DAS 0S-6 45.7 a 

Irrigation at lafP curling 0S-6 41.7 a b 

Submerqcnce 35 DAS 0S-6 39.0 a b 

Zero suction os-6 29.7 a b c 

Submergence 35 DAS IR-20 28.7 a b c 

Submergence 55 DAS 0S-6 28.3 a b c 

750-cm suction Os-6 27.7 a b c 

Submergence 20 DAS IR-20 25.7 a b c 

Zero suction IR-20 24.3 a b c 

Irrigation at leaf rolling 1R-20 23.0 a b c 

Submergence 55 DAS IR-20 22.0 bc 

750-cm suction TR-20 20.7 b c 

500-cm suction Os-6 114.3 c 
2 50-cm suction Os-6 11.7 c 

250-cm suction IR-20 8.7 c 

50 0-cm suction IR-20 7.7 c 
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Appendix 9. Roct perimeter of IR-20 and OS-6 as affected by soil
 
moisture regime. 

Soil moisture regime Variety Root parimeter (cm) 

250-cm suction os-6 36.7 a 

Submergence 20 DA os-6 36.7 a 

Zero suction Os-6 35.7 a b 

Submergence 55 DAS os-6 32.3 a b c 

Submergenc: 15 DA2 os-6 30.3 a b c d 

250-cm auction IR-20 28.5 b c d 

Submergence 20 DAS TR-20 38.3 b c d 

Submergence 35 DAS IR-20 28.3 b c d 

Zero auction IR-20 27.0 c d 

500-cm suction IR-20 26.3 c d 

750-cm suction Os-6 26.0 c d 

500-cm suction OS-6 26.0 c d 

Submergence 55 DAS IR-20 24.0 c d 

Irrigation at leaf rolling os-6 22.3 d e 

750-cm suction IR-20 15.3 e 

Irrigation at leaf rolling IH-20 15.0 e 
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Appendix 10. Influence of soil moisture regime on root axis 
(cm).
 

Soil moisture regime Variety Root axis (cm) 

Zero suction OS-6 12.0 a
 

Submergence 20 DAS 
 0S-6 12.0 a
 

250-cm suction 
 O--6 11.7 a b
 
Submergence 55 DAS O)-6 10.7 a b c
 

750-cm Suction 0S-6 10.0 a b c 

Submergence 35 DAB oS-6 10.0 a b c 

500-cm suction 
 0s-6 9.7'a b c
 

Submergence 35 DAS IR-20 9.7 a b c 

Submerrence: 20 DAS IR-e2O 9.0 b c 

2 50-cm suction IR-20 8.9 b c 

500-cm suction TR-20 8.7 c 

Zero suction 
 1R-20 
 8.7 c 

Irrigation at leaf rollinfg 0S--6 
 8.3 c 

Submergence 55 DA TR-20 8.0 dc 

750-cm suction TR-20 5.7 d e 

Irrigaltion at leaf rolling IR-20 5.3 e 
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Appendix 11. Influence of soil moisture regime and variety on
 
mean root length (cm). 

Soil moisture regime Variety 
 Mean root length (cm)
 

Submergence 20 DAS OS-6 41.3 a
 

Submergence 55 DAS 0S-6 39.7 a b
 

750-cm suction 
 OS-6 36.0 a b c 

500-cm suction Os-6 36.0 a b c 

Zero suction 
 oS-6 36.0 a b c
 

Irrigation at leaf rolling 0s-6 36.0 
a b c
 

Submergence 35 DAS oS-6 35.0 a b c 

Zero suction IR-20 35.0 a b c 

Submergence 20 DA IR-20 35.0 a b c 

Submergence 35 DA, [R-20 34 .7 a b c 

250-cm suction OS-6 314.3 b c 

Submergence 55 DAS IR-20 30.7 b c 

500-cm suction TR-20 29.3 c 

2 50-cm suction TR-20 29.0 c 

750-cm suction IR-20 26.3 c 

Irrigation at leaf rolling 0S-6 17.7 d 



270
 

Appendix 12. Influence of soil moisture regime on the number of
 
days to maturity in IR-20 and 0S-6.
 

Soil moisture regime Variety Number of days to maturity
 

Irrigation at leaf rolling 
 os-6 
 160 a
 

Irrigation at leaf rolling IR-20 160 a
 

750-cm suction 
 IR-20 155 a 

750-cm suction o,-6 150 ba 

500-cm suction 
 os-6 
 145 a b c
 

500-cm suction IR-20 130 c 

250-cm suction oS-6 
 130 c
 

2 50-cm suction !R-20 
 130 c
 

Zero suction 
 oS-6 
 .130c
 

Zero suction 
 IR-20 
 130 c
 

Submergence 20 DAS os-6 130 c
 

Submergence 20 DAS IR-20 130 c 

Submerge,,nce 35 DAS oS-6 130 c 

Submergence 35 DAS IR-20 130 c 

Submergence 55 DA 0S-6 130 c 

Submergence 55 DAS IR-20 130 c 
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Appendix 13. Influence of soil moisture regime and variety on
 
straw yield (g/pot). 

Moisture regime Variety Straw yield (g/pot) 

Zero suction os-6 356 a 

Submergence 20 DAS os-6 3)13 a b 

Submergence 55 DAS os-6 327 a b 

Submergence 35 LA, OS-6 268 a b c 

Subrnerg,ence 35 DAS 11-20 258 a b c 

Zero suction 1I-20 223 a b c d 

500-cm suction Os-6 218 a b c d e 

Submergence 20 DAS IR-20 201 b c d e 

750-cm suction os-6 179 c d e 

250-cm suction ao,-6 165 c d e 

Subm _,ergence 55 DAS IR-20 135 c d e 

250-cm suction IR-20 134 c d e 

Irrigation at leaf rolling OS-6 128 c d e 

750-cm suction rR-20 95 d e 

500-cm suction JR-20 81 d e 

Trrigration !it leaf rolling TAi-20 71 e 
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Appendix 14. Influence of soil moisture regime on floral sterility
(%)of TR-20 and oS-6. 

Soil moisture reime Variety Floral sterility (%) 

Irrigation at leaf rolling oS-6 a56 

Irrigation at leaf rolling TB-20 40 a b 

750-cm suction IR-20 39 a b 

50 0-cm uuction TR-20 18 b c 

500-cm suction os-6 12 c 

Submerence 35 DAS I5-20 11 c 

750-cm suction oS-6 9 C 

Submergence 55 DAS TR-20 8 c 

Submergence 35 DAS os-6 8 c 

2 50-c: suct iun os-6 8 C 

Zero suction 0s-6 8 c 

Zero suction IR-20 7 c 

250-cm suction TE-20 7 c 

Submergence 20 DAS IR-20 6 c 

Submergence 55 DAS OS-6 6 c 

Submergence 20 DAS OS-6 6 c 
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Appendix 15. Influence of soil moisture regime on number of
 
grains/panicle. 

Soil moisture regime Variety Number of grains/panicle 

Submergence 35 DAS 0S-6 173 a 

Submergence 20 DAS OS-6 157 a b 

Zero suction IR-20 143 a b c 

Subrn{:rgence 20 DAS I-20 142 a b c 

Submergence 55 DAS oS-6 140 a b c 

Zero suction os-6 133 a b c d 

-ubmergence55 DAS IR-20 127 a b c d e 

Submergrice 35 DAS TR-20 117 a b c d e f 

2 50-cm suction 0S-6 102 b c d e f 

250-cm suction IR-20 100 b c d e f 

Irrigation at leaf rolling 03-6 82 c d e f 

500-cm suction OS-6 77 c d e f 

Irrigation at leaf rolling I-20 77 c d e f 

750-cm suction 0-6 66 d e f 

500-cm suction IR-20 63 e f 

750-cm suction TH-20 56 e f 
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Appendix 16. Influence of soil moisture regime and variety on
 
panicle length (cm). 

Soil moisture regime Variety P'aricle length (cm) 

Submergence 35 DAS 0S-6 29.5 a 

Submergence 20 DA2 os-6 28.8 a b 

Submergence 55 DAS 0S-6 27.7 a b 

Zero suction OS-6 26.4 abb c 

250-cm suction OS-C 24.7 a b c d 

Zero suction IR-20 24.4 a b c d 

500-cm suction oS-6 23.8 b c d 

Sut:.ergence 35 DAS IR-20 23.8 b c d 

Submergence 55 DAS IR-20 23.u b c d 

250-cm suction IR-20 23.2 b c d 

Submergence P0 DAS TR-20 23.2 b c d 

750-cm suction OS-6 20.8 c d 

500-cm suction IH-20 20.7 c d 

Irrigation at leaf rolling os-6 19.8 d 

Irrigation at leaf rolling TR-20 19.5 d 

750-cm suction IR-20 18.9 d 
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Appendix 17. Influence of soil moisture regime and variety on
 
weight of 1000 grains (g).
 

Soil moisture regime Variety Unit grain weight 

Zero suction 0-6 32.7 a 

ubmergence 55 DAS os-6 31.3 a 

Submergence 20 DAS 03-6 31.0 a 

Submergenee 35 DAS 03-6 25.7 a b 

500-cm s;uction O3-6 25.3 a b 

250-cm suct'Lon 0S-6 25.0 a b 

750-cm sucLion 03;-6 22.7 a b 

Submergence 35 DAS [R-20 21.7 a b 

250-cm suction TR-20 21.0 a b 

Submergence 20 DAS IR-20 17.0 b c 

Zero suction D-20 16.0 b c d 

Submergence 55 DAS IR-20 15.0 b c d 

500-cm suction IR-20 14.3 b c d 

750-cn suction IH-20 12.9 b c d 

Irrigation at leaf rolling 0,-6 5.4 c d 

Irrigation at leaf rollin, FR-20 3.7 d 
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Appendix 18. Total moisture stress (cm. days) for different soil
 
moisture regimes. 

Variety Soil moisture regime Soil moisture stress 
(cm. days) 

IR-20 750-cm suction 5809 cu days 

IR-20 500-cm suction 4230 " 

IR-20 250-cm suction 2625 " 

TR-20 Fl. 55 DAS 800 

IR-20 Fl. 35 DA' 394 

os-6 Fl. 35 DAS 360 

os-6 Fl. 55 DAS 1150 " 

os-6 250-cm suction 3130 " 

0S-6 500-cm suction 5040 " 

0S-6 750-cm suction 7570 " 

IR-20 Irrigation at 
leaf curling 
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Appendix 19. Total consumptive water use as influenced by

soil moisture regime and rice variation (cm).
 

Consumptive water use (cm)
 

Soil moisture regime IR-20 OS-6
 

Submergence 20 DAS
 

Submergence 35 DAS 117.10 
 150.97
 

Submergence 55 DAS 139.62 
 189.10
 

Zero suctioh 180.80 
 188.08
 

250-cm suction "61.26 
 97.86
 

500-cm suction 41.11 58.28
 

750-cm suction 28.52 
 48.61
 

Irrigation at leaf rolling
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APPENDICE FOR CHAPTER 4
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APPENDIX 4 

METHODOLOGY
 

an Apomu soil cf
Greenhouse studies were conducted in 1971 on 


sandy: loamn texture containing 70 percent sand, 12 percent silt and 18%
 

clay. The clay fraction of this soil is dominated by Kaolinitic type
 

clay minerals. This soil contains about 1 percent organic carbon has a 

pH of 6.5 to 6.8. The taxonomy and physical and chemical properties of 

similar soil series have been described by Moormann et al (1975). The 

wetting and draining moisture characteristics of the surface soil are 

shown in Appendix 4.1. A majority of' the pores drain between 60 and 

100 cm of water suction. The moisture retained at 0.1 bar suction is 

and thit retai. .' at 15 bar suction is 0.05 (gg- 1 ).
about 0.16 (gg- 1 ) 

There is a little change in the mo_. --e retention curve beyond a
 

Some chemical characteristics of this soil are
suction value of 2 bar. 
shown in Appendix 2. 

- 3
Soil was packed to a ulr. u '3ity of 1.35 gcm in circular -etallic 

cm deep. The soil wcs sieved
containers of 35 cm in diameter, and 36 

with a rotary sieve of 8 mesh size prior to packing in these c.rums. A
 

2,5 cm thick layer of coarse gravel was maintained at the bottom of the
 

drum to facilitate drainage. A detailed sketch of the set up to regulate
 

water regime in these containers is Thown in Fig. 2, and Pl.te I and
 

R.II. The application of water was regulated by observing soil water 

suction at the pre-determined depth. When necessary, water application 

was made through sub-surface irrigation using a perforated irrigation 

tube of 2.5 cm diameter and positionea in the centre of I;he container 

(Fig. 2). Fertilizer application at planting was made at the rate of 

100 ppm of P as single super-phosphate, 50 ppm of K as imiurate of potash, 

and 60 ppm of 1 as urea. qrtis fertilizer was mixed in the entire soil 
was 


and 80 ppm of 1 applied at 6-weeks and at early heading stage of rice
 
volume before packing. Top dressin, with 1 made at the rate of 60 

growth.
 

Eight seeds, rice varieties IR-20 and OS-6, were planted in each
 
The soil moistu-e suction at
container in dry soil on 20th May, 1971. 


planting was approximately 150 cm of water suction. Seedlings, after 

emergence, were thinned to four per pot. 

wereTwo varieties investigated in this experiment those knjowm for 

their high yield potential in West African conditions. OS-6 is a tall,
 

leafy, disease-resistant variety widely grown as upland rice in West 

Africa. It has a good seedling vigor, a superior root system, and has
 

bold long grain of acceptable quality but tends to be low tillering and
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lodges easily under improved management.
 

IR-20 is a dwar erect-leaved, high tillering, stiff strawed variety

from IRRI. This va_ L:ty has a superior resistance to disease and a
 
substantial tolerance to major insect pests. 
 It is slightly later

maturing than oS-6, and has 
a small, slender grain of good milling quality.
 
qu 

The comparison of yield and growth parameters of these two rice
 
varieties was investigated at eight levels of soil moisture 
regimes.

These moisture regimes were, continuous submergence of 5 cm depth from 20,
 
35 and 55 days after planting (DAP), saturated soil with no submergence,

and soil moi;ture suction of 250, 
500 and 750 cm of water maintained at
 
a 15-cm depth throuhout the nrowing season. One treatment consisted of
 
irrigating only when plants showed .i ns 
of wilting at 1400 hour. Soil
 
moisture suction was 
read three times a day and containers were irrigated
 
with the des ird quantity of water for each treatment.
 

The temperature under the greenhouse conditions ranged from 22 to
 
320C and the relative humidity frr. 70 to 100 percent. The data of 
evaporation from free water surface is 
shown in Table 2, and the weekly
 
average temperature and humidity records 
are shown in Table 3.
 

Each of the ]6 treatments (Two varieties x 8 moisture levels) was
 
replicated four time2. All 6h containers were completely randomized.
 
One plant from the fourth replication was harvested four times during the
 
growth stages 
to assess the dry matter production.
 

Periodic observations were made for plant height, tiller count, dry

matter production, nutrient uptake by tissue analysis. 
 Yield and yield
 
components were 
analysed at harvest. Leaf area was determined by direct
 
measurement using a shape factor for each variety.
 

The shape factor was determined for leaves of different ages and was
 
experimentally found to be 0.71 for 0S-6 and 0.77 for IR-20. 
 After the
 
crop was harvested, the soil was carefully washed off the roots. 
 The
 
root length was determined immediately after washing, while the dry
 
weight was
 



281. 

15­

3­

a. 

w 

0 

S0 

z 
1. 30­
0 

w 

& 0 
0 -

0 

0 0 02 
Gg(gg­

1) 

--­1 

0.3 

0 01 

O (gg-1) 

02 03 

Fig.l. Wetting and draining soil moisture 

characteristics of the surface soil. 



282
 

- . 15cm 

. x 4 gj 3 w aPertoroted Irigation Tube 

-- Sai Ci :_ 
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APPENDIX 5
 

MEFTHODOLOGY
 

The influence of' soil moisture stress under field conditions was

investigated in the lysimeters described in Chapter 3. 
 These experiments
 
were conducted in the dry season from November 1971 to March 1972.
 

The treatments were imnoscd according to a completely randomized
 
design. Vacuumu gaujre tensiometers were installed in each lysimeter 
at
 
15 cm depth. The tensiometric readins were monitored at 0730 and 1330

hour daily. A known quantity of water was then added to each lysimeter,
dependintr or the terisiometric measurements and soil moisture characteristics. 
Daily fluctuationis in soil moisture potential are shown in the Appendix. 

P'e-soaked seed:, of' IB-20 broadcastwere in shallow water in the 
lysimeters and surrounding field on November 19, 1971. A uniform ferti­
lizer application was made to all the lysimeters and surrounding areas. 
Nitrogen was applied in a split application at the rate of 60 kg/ha.
One-third ()4 kg urea/ha) was applied 20 DAS3, 42 DAS, and 70 DAS. Phos­
phorus was ap)plied at 2,6 kgIP per hectare and K at 15 kg/ha. Insect
control was obtained by spraying Vetox 85 at I kg/ha :1.2 kg dissolved in 
500 hectare). 

Periodic observations were made fcr plant height and tiller count.
 
The yield and yield components were monitored at maturity. Rice was
 
harvested on 16th March, 1972.
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APPENDIX 6 

METHODOLOGY 

Sieved surface soil of Apomu series was packed in containers, 35 cm 
in diameter and 36 cm deep. The soil was packed at a dry bulk density of 

31.35 gcm- , leaving upper 5 cm unpacked for facilitating irrigation and 
submergence. Perforated irrigation tubes of 2.5 cm diameter were 
installed in the centre of the drum to apply water from the sub-surface 
for even distribution. 

T elve seeds of two rice varieties, IR-20 and O-6, were planted in 

each container on May 17, 1972. After germination, seedlin. were thinned 
to four per container, fertilizer application were made at the rate of 
4.5 g urea per pot at the time of planting, and h1.5 g and 6.0 g later at 
6 and 9 weeks after planting, respectively. 

Soil moisture auction was monitored by using vacuum gauge dial type 
tensiometers. Suction observations were made 3 times a day and irrigation 
with the required amount of water was done depending on the tensiometric 
readings and the soil moisture characteristics. All treatments were 
replicated thrice, and the pots were distributed as stipulated by the 
completely randomized design. 
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APPENDIX 8 

Each treatment was replicated four times, and the containers
 
(dimensions described in the previous section) were spaced according to
 
a completely randomized design. 

Rice was seeded cn 23rd October, 1972. The nitrogenous fertilizer 
was applied as follows: 

(i) 4.5 g urea/pot 2 weeks before seeding 

(ii) h.5 g area/pot 3 weeks after seeding 

(iii) 6.0 g urea/pot 6 weeks after seeding. 

Soil moisture suction was monitored by installing vacuum gauge.
Tensiometer at 0730, 1000, and 1300 daily. A known quantity of irrigation
water was added, according to soil moisture suction, and the soil 
moisture characteristics.
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APPENDICEb FOR CHAPTER 11
 



288
 

Appendix 1. influence of soil moisture regime and nitrogen levels on plant height
 
25 days after seeding (cm).
 

100 ppm N 200 ppm N 300 ppm N 400 ppm N 
Soil moisture regime 

IR-20 OS-6 IR-20 os-6 !R-20 03-6 IR-20 os-6 

Submergence 38.0 52.0 38.7 50.3 36.7 48.7 35.7 49.0
 

100-cm suction 37.7 53.3 36.0 50.0 35.7 48.0 31.7 43.0
 

250-cm "iction 36.7 48.7 37.3 50.7 36.3 46.0 30.0 44.3
 

LSD (.05) 

(i) Moisture 1.7
 

(ii) Nitrogen 1.7
 

(iii) Variety 1.5
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Appendix 2. Influence of soil moisture regime and nitrogen levels on plant height
 
32 days after seeding (cm).
 

Soil m:-oisture rgm 100 p N 200 ppm N 300 J L00-pm ppm N 

IR-20 os-6 iR-20 os-6 !R-20 OS-6 TR-20 OS-6 

Submergence 51.7 7L.0 53.3 72.0 50.7 70.0 Lo.3 71.0
 

1 00-cm su ion 46.3 7!1-3 43.3 72.0 43.0 67.3 38-7 .3 
_"1. "8.0 ),1 0 " . 46 0 

250-cm suction 1.c, 6.0 L2.0 68.0 .0 6L.0 3 62.0 

LSD (.05) 

(i) Moisture 2.2
 

(ii) Nitrogen 1.9
 

(iii) Variety 1.7
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Appendix 3. Influence of soil moisture regime and nitrogen levels on plant height 
39 days after seeding (zm). 

100 ppm N 200 ppir' N 300 1m 400 ppm NSoil moisture regime___________ 

iR-2O OS-6 IR-0 oS-6 TR-20 OS-6 IR-20 os-6 

Submergence 60.0 84.7 60.. 
 86.o 58.0 86.7 61.7 88.7 

100-cm suction 58.3 95.7 57.3 92.3 55.0 87.3:-. 83.3 

250-cm suction 49.3 84.3 45.0 89.0 49.3 83.7 42.0 81.0 

LSD (.O5) 

(i) Moisture 4.5 

(ii) Nitrogen 1.9
 

(iii) Variety 1.9
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Appendix 4. Influence of soil moisture regime and nitrogen levels on plant height
 
46 days after seeding (cm).
 

1oi00 ppm N 200 ppm N 300 ppm N 400 ppm NSoil moisture regime _________________________ 

iR-20 os-6 !R-20 mTR-20OS-6 iS-6 os-6
 

Submergence 68.3 97.3 67.7 99.7 71.7 103.7 70.7 lo4.3 

100-cm suction 66.7 112.3 6L.7 106.7 61.7 122.7 51.7 96.0 

250rcm suction 60.0 100.0 55.7 102.7 58.0 94.0 ;L.o 92.3 

LSD (.05)
 

(i) Moisture 4.0
 

(ii) Nitrogen 2.7
 

(iii) Variety 1.8
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Appendix 5. Influence of soil moisture regime and ri±cogen levels on plant height
 
5h days after seeding (cm).
 

Soil moisture regimeI________ 100 ppm N 200 ppm IT 300 p ' 400 ppm U 

IR-20 0-6 IR-20 os-6 IR-20 OS-6 TR-20 oS-6 

Submergence 77.3 14.7 83.0 117.0 79.3 118.0
 

100-cm suction 7L.3 127.3 70.0 125.7 66.7 118.7 
 53.3 Il1.C 

250-cm suction 63.3 112.0 59.0 116.0 61.7 105.7 119.3 98.3
 

LSD (.05)
 

(i) Moisture 3.2 

(ii) Nitrogen 4.2
 

(iii) Variety 2.1
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Appendix 6. Influence of soil moisture regime and nitrogen levels on plant height
 
62 days after seeding (cm).
 

100 pm :1 200 p N 300 Um N 400 ppm N 
Soil moisture regime 

- T-s-6 iR-2C!R-20 0 I-20 Oj-cD06 T-5Q OS-6 

Submergence 7.0 1127 93.7 128.3 39.T 1270 91.0 126.7 
100-cm suction 0.3 -I9 0 75.7 13.0 73.7 126 0 56.7 122.7 

250-c7... 
250-cm suction 

--
68.7 1_.0 62.7 

7 
25.7 6 3 122.7 

402. 
L.7 107.3 

LSD (.05)
 

(i) Moisture 2.5 

( ii) Nitrogen 3.6 

(iii) Variety 1.8
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Appendix 7. influence o1 soil moisture regime and nitrogen levels on plart height 
70 days after seeding (cm). 

Soil moisture regime 
100 ppm N 200 ppm H 01[00 ppm N 

iR-20 os-6 TH-20 os-6 I _ c-6 I _0 S-6 

Submerpgence 90.0 124.0 96.7 134.0 91.7 131.3 96.3 130.7 

100-c: suction 74.7 129.7 32.0 138.7 79.3 130.7 59.7 130.0 

250-cm suction 71.3 121.7 65.3 128.3 66.7 123.0 53.7 115.3 

LSD (.05) 

(i) Moisture 4.5 

(ii) Nitrogen 3.2 

(iii) Variety 2.2 
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Appendix 8. Influence of soil moisture regime and nitrogen levels on plant height
 
77 days after seeding (cm).
 

100 ppm N 200 rpm N 300 non.N ~ 400 pwim N
Soil moisture regime
 

!R-20 os-6 !R-20 oS-6. T-20 0s-6 iF-20 os-6 

Submergence 91.7 127.7 98.3 137.0 93.3 131.7 96.0 131.7 

100-cm suction 86.7 131.0 83.0 141.0 82.3 
 134.0 61.0 132.3 

250-cm suction 72.7 12L.O 66.7 31.0 67.3 126.7 5'.0 116.3 

LSD (.05) 

( i ) .1oisture 4.05 

(ii) Nitrogen 2.80 

(iii) Variety 2.0
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Appendix 9. influence of soil moisture regime and nitrogen levels on plant height

110 days after seeding (cm).
 

Soil moisture regime 
 100 ppm N 200 pDpm 11 300 Dom I. 400 ppm 11 

!R-20 OS-6 
 S6_R2 !R-20 0S-6 
 IR-20 0S-6
 

Submergence 
 105.7 186.o 102.7 
 190.0 103.7 
 200.3 106.3 
 194.7
 
lO0-cm suction 
 i00.0 171.0 
 89.0 192.0 
 84.3 141.3 59.7 174.0
 
250-cm suction 
 71.7 127.7 71.3 
 105.3 
 56.7 120.3 
 53.7 116.3
 

LSD (.O5)
 

(i) Moisture 
 17.0
 

(ii) Nitrogen 11.0
 

(iii) Variety 
 7.7
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Appendix 12. Influence of soil moisture regjmes and nitrogen rates on tillers/plant,
 
18 days after seeding.
 

Soil regime !oistLe100 ppm N 200 pmm N 300 ppm N 400 ppm N 

7R-20 0-6 TR-20 0S-6 iR-20 OS-6 IR-20 oS-6 

Submergence 3 2.0 2.7 2.0 2.7 
 1.7 2.7 1.7
 

!00-cm suction 2.7 2.0 2.3 1.7 2.7 2.0 2.3 1.3
 

250-cm suction 2.7 
 2.0 2.7 2.0 3.0 2.0 1.3 2.0
 

LSD (.05)
 

(i) Moisture 0.37
 

(ii) Nitrogen 0.31*
 

(iii) Variety 0.25**
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Appendix 13. 
 Influence of soil moisture regime and nitrogen rates on tillers/plant,
 
35 days after seeding.
 

.q100 ZOO nm N 200 IDTT 71 30-0 nprr TbO p 

Soil moisture regime 140 .pm N
 

TR-20 0S-6 IR-20 0S-6 TR-20 j oS-6 IR-20 os-6 

Submergence 7.0 3.7 7.0 
 4.3 6.0 5.0
3.0 3.7 

O0-cm suction 6.3 6.7 4.0 6.7 4.0 5.3 3.0
 

250-cm suction 5.3 4.0 6.3 4.o 6.7 3.7 4.3 3.3 

LSD (.05)
 

(i) Moisture 0.51
 

(ii) Nitrogen 0.55
 

(iii) Variety o.246 
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Appendix 14. Influence of soil moist-ure regime and nitrogen levels on tillers/plant
 

30 days after seeding.
 

100 ppm N 200 ppm 1 300 ppm N 400 ppm N
Soil moisture re gime _______ 

IR-20 oS-6 !R-20 0S-6 TR-20 os-6 !R-20 os-6 

Submergence 8.7 1.7 9.0 5.7 8.7 5.0 8.7 5.-f 

!00-cm suction 9.3 6.0 9.3 4.7 9.7 5.0 8.3 3.7 

250-cm suction 7.0 4.3 8.7 4.3 9.3 4.0 6.0 4.0 

LSD (.05)
 

(i) Moisture 0.71
 

(ii) Titrogen 0.72 

(iii) Variety 0.60 
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Appendix 15. 
 influence of soil moisture regime and nitrogen levels on tillers/plant

37 days after seeding.
 

Soil mois1ure reg 100 -ppm N 200 pmn N 300 pp= N 400 ppm N 

IR-20 oS-6 F,-20 0S-6 1o-2o 1S-C os-6!-20 

Submergrence 
 12.7 6.3 !2.0 7.7 1.7 7.7 14.3 8.7
 

!00-cm suction 14.7 8.3 15.0 
 7.3 lb.O 6.7 11.7 6.7 
2 50-cm suction 12.7 6.0 12.0 6.0 1)4.0 5.7 9.3 5.7 

LSD (.05)
 

(i) Moisture 2.1
 

(ii) Nitrogen 
 1.1 

(iii) Variety 
 1.0
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Appendix 16. 
 Influence of soil moisture regime and level of nitrogen on tillers/plant

45 days after seeding.
 

100 rOm N 200 Dnm N 300 ppm N 400 ppm N 
Soil moisture regime 

!R-20 0S-6 IR-20 os-6 iR-20 os-6 IR-20 os-6 

Submergence 17.3 6.7 16.0 8.0 19.0 8.0 18.3 9.7
 

100-cm suction 
 19.7 9.7 19.3 9.3 19.7 9.3 16.3 8.7 

250-cm suction 16.0 10.7 17.3 8.0 18.0 7.3 12.3 7.0 

LSD (.0c) 

(i) Moisture 1.4
 

(ii) Nitrogen 1.3 

(iii) Variety 1.0
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Appendix 17. Influence of soil moisture regime and nitrogen rates on tillers/plant
52 days after seeding. 

S i r 1.00 o 20C _ - 300 4m pm N400 

T- 0 a. 7'- -S- :-t-(-2s0_ - -- -.-
1 

-
2 

0 0s-6
 

uber.ence 23.7 9.7 21.7 13.0 1257 1 7 72. 13.3
 

lO0-c- suction 25.0 
 9.7 2-'.3 11.0 25.7 11.3 13.3 12.7 
2 50-cnl suc-ion 21.7 13.0 10.021.0 21.0 8.3 16.7 8.0 

LSD (.05)
 

(i) Mois ture 1.7 

(ii) Nitrogen 2.0 

( iii ) Variety 1.4 
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Appendix 18. 
 Influence of soil moisture regime and nitrogen rate on tillers/plant
 
59 days after seeding.
 

Soi! mois-ture re i N 200 p30im '400 ppm N 

1T-2° os-6 -2o os-c -(20o R-20 os-6 

Submergence 26.0 10.0 25.9 15.0 31.3 lL.O 27.3 15.0 

100-cm suction 30.0 11.3 32.7 14.r 33.7 15.7 27.0 12.7 

250-cm suction 3.7 .3 27.7 14.7 29.0 10.3 21.0 11.0 

LSD (.05)
 

(i) Moisture 2.0 

(ii) TNitrogen 1.6
 

(iii) Variety 1.2 
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Appendix 19. 
 influence of soil moisture regime and nitrogen level on tillers/plant
 
66 days after seeding. 

! 200 3001e _ N, 1 1 "Cn ,-_.N 0o N 

Soil -isture 10rn 

TR-0 cOs-, -C CS-" IR-20 os-6 

Submerence 28. 11.0 33'.7 15.? 30y 10. 33
 
... . " -- -. 1 - . 31.3 16.o 

100-cmz suction 37.0 __<. .0 -5.0 ..77T .O 35.3 13.7 

20-c suction 32.3 12.3 32.3 1!..7 35.0 12.7 24.6 11.7 

7SD 
(.05) 

(i) Moisture 1.5 

(ii) Nitrogen 1.7 

(iii) Variety 1.3
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Appendix 20. Influence of soil moisture regime and nitrogen levels on tillers /plant
 
72 days after seeding. 

100 pOm N 200 Dpm N 300 D-.m N 400 ppm NSoil moisture regime_______________________ 

IR-20 os-6 TR-20 os-6 IR-20 OS-6 IR-20 os-6 

Submergence 30.T 11.0 
 34.T 15.7 36.3 !L.7 34.3 15.­
100-cm suction 40.7 12.3 46-7 19.7 3 --- o. '5.7 7. 9.7 36.3 15.0 

250-cm suction 33.7 13.0 
 39.0 16.0 40.3 12.7 26.3 12.7
 

LSD (.05)
 

(i) Moisture 

(ii) Nitrogen
 

(iii) Variety
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Appendix 21. Tnfluence of soil moisture regime and nitrogen levels 
95 days after seeding. 

on tillers/plant 

Soil moisture regime 100 ppm N 

IR-20 os-6 

200 ppm N 

IR-20 os-6 

300 ppm 1-

IR-20 oS-6 

400 ppm N 

IR-20 os-6 

Submergence 

100-cm suction 

250-cm suction 

31.7 

41.7 

46.0 

11.0 

13.3 

14.3 

38.0 

54.0 

48.3 

15.0 

15.3 

12.3 

48.0 

63.0 

54.0 

1L.3 

22.3 

16.7 

45.7 

56.7 

42.3 

15.7 

18.7 

15.0 

LSD (.05) 

(i) Moisture 

(ii) Nitrogen 

(iii) Variety 

1.9 

3.8 

2.2 
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Appendix 22. Influence of soil moisture regime and nitrogen level on dry straw weight
 
(g/plant), 20 days after seeding.
 

100 ppm N 200 ppm N
Soil moisture regime 300 ppm N hO0 ppm N
 

IR-20 0S-6 IR-20 os-6 IR-20 os-6 IR-20 os-6 

Submergence 0.21 0.290 0.22 0.23 0.197 0.160 0.180 0.237 

100-cm suction 
 0.227 0.230 0.137 0.153 0.190 0.207 0.167 0.147
 

250-cm suction 0.183 0.243 
 0.243 0.320 0.220 0.280 0.210 0.197
 

LSD (.05) 

(i) Moisture n.s
 

(ii) Nitrogen n.s 

(iii) Variety n.s 
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Appendix 23. Influence of soil moisture regime and nitrogen level on dry straw

weight (g/plant), 
40 days after seeding.
 

100 
ppm N 

200 
rpm N 


Soil moistur'e regime 300
____q____ __________4_ ppm N 

400 
ppm 

IR-20 oS-6 iR-20 OS-6 IR-20 os-6 IR-20 os-6 

Suomergence 8.30 4.58 7.59 6.57 4.67 
 4.53 5.25 5.49 

100-cm suction 
 3.56 3.51 3.97 2.23 3.74 4.26 2.54 
 2.78
 

250-cm suction 
 2.63 2.08 2.46 
 4.32 2.83 3.06 
 1.26 3.21
 

LSD (.05)
 

(i) Moisture 
 1.39
 

(ii) Nitrogen 
 n.s
 

(iii) Variety 
 n.s
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Appendix 24. Influence of soil moisture regime and nitrogen levels on dry straw
 
weight (g/plant), 54 days after seeding.
 

100 ppm N 200 ppm N 
 300 ppm N 400 ppm N

Soil moisture regime
 

!R-20 os-6 IR-20 os-6 
 IR-20 OS-6 IR-20 os-6
 

Submergence 
 19.63 17.07 21.45 17.52 
 16.37 24.29 11.30 21.93 

100-cm suction 13.80 22.09 12.17 18.15 10.27 18.81 4.6o 12.15
 

250-cm suction 
 9.49 14.03 8.72 11.62 6.76 12.62 
 4.37 6.90
 

LSD (.05)
 

(i) Moisture 3.55
 

(ii) Nitrogen 2.95
 

(iii) Variety 1.84
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Appendix 25. Inf'luence of soil moisture regime and nitrogen levels on straw weight
(g/plant), 62 days after seeding.
 

Soil mois1ure regime 100 ppm N 200 ppm N 
 300 pmm N 400 ppm N 

iR-20 oS-6 iR-20 os-6 i-20 os-6 
 iR-20 OS-6 

Submergence 
 35.19 32.L0 45.98 
 3769 5. 3. 3.77 53.91 
IO0-cm suction 21.94 26.66 13.19 26.69 15.95 26.39 8.26 28.07 

250-cm suction 
 15.02 25.74 
 1.1 29.8 5 13.27 19.22 5.81 10.42
 

LSD (.o5)
 

(i) Moisture 
 7.34
 

(ii) Nitrogen 6.73
 

(iii) Variety 
 5.13
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Appendix 26. Influence of soil moisture regime and nitrogen levels on dry straw
 
weight )g/plant), 90 days after seeding.
 

pm 200 -pm N
p00 N I 300 ppm N 400ooppm Nregime __________ Soil mcisture .... ___________ 

iR-20 OS-6 !R-20 OS-6 IR-20 0S-6 IR-20 oS-6 

Submergence 111.3 83.1 91.5 105.4 118.6 112.3 9 156.3 

100-cm suction 69.3 68.2 77.5 94.2 74.3 146.3 32.9 90.6 

250-cm suction 5h.2 71.3 L6.5 68.8 53.1 L9. iO.) 28.8 

LSD (.05)
 

( i ) Moisture 7.21 

(ii) iitrogen 19.39
 

(iii) Variety 13.69
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Appendix 27. Influence of soil moisture regime and nitrogen levels on dry straw
 
weight (g/plart), 110 days after seeding.
 

100 pm M 200 Dpm NN 300 ph 400 ppm N
Soil moisture regime -_
 

IR-20 os- Th-20 OS-6 iR-20 0S-6 IF-20 os-6 

Submergence 97.7 155.3 222.0 327.0 389.0 518.3 379.3 426.3
 

100-cm suction 207.7 255.3 230.3 420.7 
 271.7 476.7 196.0 427.3 
250-cm suction 166.0 268.0 173.3 327.0 164.3 270.3 69.0 128. 

LSD (.05)
 

(i) Moisture 49.5 

(ii) Nitrogen 45.0
 

(iii) Variety 39.5
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Appendix 28. Influence of soil moisture regimes and levels of nitrogen on grain
 
yield of IR-20 and 03-6.
 

Soil moisture rngime 100 ppm 200 pprr -. 300 ppm N 400 ppm N 

R OS-6 !R-20 OS-6 iR-20 os-6 !R-2C oS-6 

Submergence 185.9 181.6 
 222.6 233.4 283.2 263.5 302.9 255.0 

!00-cm suction 150.9 176.1 185.0 19 . 9S.9 S3.0 13.9 121.2 

250-cm suction 60.0 5L.0 47.3 33.1 16.2 15.0 0.0 5.1 

LSD (.05)
 

(i) Moisture 27.6 

(ii) Nitrogen 20.7
 

(iii) Variety 11.5
 



314
 

ApDendi.: 29. 
 Unit grain weig :t (g/100 grains) of IR-20 and OS-6 as influenced by

nizroge levels and soil moisture reg..es. 

100 Ccm N D00 r I 3C7 LQ 0 Ti 

... . ..S 6-20 0 O-,-

Submerence 1.96 3.62 -. 59 3.54 1.91 3. _ 1.53 3.34 

100-cm suction 1.83 3.43 1.6 3.37 

. 1 -11 os-6 

1.55 1.94 0.42 3.14
 

250-cm suction 1.47 2.93 
 0.1 1.02 0.14 0.9C 0.00 0.00
 

LSD (.05)
 

(i) Moisture 0.58
 

(ii) Nitrogen 0.51
 

(iii) Variety 0.32
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Appendix 30. Tnfluence of soil moisture regime and nitrogen levels on 
percentage of filled grains. 

100 ppm N 200 ppm N 300 ppm N )100 ppm NSoil moisture regime____ 

rii-o o;-6 TB.0 os-6 IR-20 os-6 

Submergence o)1.3 Q2.7 92,.6 39.6 93.1 93.6 93.l 96.7 

100-cm Suction 95.0 88,.0 92,9 87., 76.8 42.7 43.0 67.5 

250-cm suction 57.8 70.1 )1(.3 27.7 29.1 23.8 0.00 0.00 

LSD (.05)
 

(i) Mois;ture -I1.6 

(ii) Nitrogeri 13.1 

(iii) Variety 0.6
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Appendix 31. influence of soil moisture regime and levels of nitrogen application
 
on nanicle weight (kg/pot).
 

100 ppm N 200 ppm N 300 ,Jm ppm N
 ___ 400400 
Soil moisture regime 

_N
 

TR-20 os-6 iR-20 OS-6 T-20 OS-6 IR-20 os-6 

Submergence 0.223 0.253 0.257 0.2L3 0.230 0.263 0.233 0.250
 

!00-cm suction 0.193 0.237 0.170 
 0.287 0.370 0.160 0.063 0.187 

250-cm suction 0.113 O.140 0.080 0.130 0.083 0.107 0.00 0.030 

LSD (.05) 

(i) Moisture O.047 

(ii) Nitrogen
 

(iii) Variety
 



3 17
 

Appendix 32. Influence of soil moisture regime and levels of N application on
 
nuznber of sterile grains/panicle.
 

100 7 ,7 0iNr 300 od= N '400p=m N 
Soil noisure reg-ie 

21-2005-6 .. ,-.. --= ,D T_-201 _ 
-.-n b-COS-6-o TR-20 08-6
 

-
Subzer ence.0 10. 15.? 16.a 1.0 i. .0 7.3 

1OC-.. suction 0.3 l-.7 . 0-. 16.3 5.0 23.3 35.7 

2--c:7 sczicn 2A.2- u 403 ­. _ - __ _L Al-_-__0 __ - .0 18.7 

LSD (.05) 

(i) Moisture 6.5 

(ii) Nitrogen 9.8
 

(iii ) Var i ety 5.4 
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Appendix 33. 
 Influence of soil moisture regime and levels of N application on
 
Panicle length (cm).
 

100 m u 30 N7 :. L00 ppm N~ 4,Soil oisture re--
 -

T-... CS-6 - S- -- *0s-.- IR-20 OS-6 
_ I _ _ _ 

Submerzence 
 93.3 9 _ 2,3 3- 527_ 31.2
 
10-cm suc-ion 34.2 2 27.2 
 30.0 190
 .. .. - .
 - 1.e _ .0 26.2
 

--'0-c. suction 21.8 22.5 21.7 20.5 
 2.5 0.00 7.1
 

LSD (.05)
 

(i) Moisture 4.27
 

(ii) Nitrogen 2.92
 

(iii) Variety 2.08
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Appendix 34. Influence of soil moisture regime and levels of N on grain
 
weight/panicle (g).
 

100 pm N 200 ppm N 300 ppm N 400 ppm N
Soil moisture regime _________ ____ ____________ ________ 

IR-20 OS-6 IR-20 os-6 IR-20 os-6 !R-20 os-6
 

Submergence 2.98 5.43 2.92 h.81 2.79 4.97 2.82 4.95 

100-cm suction 2.48 4.42 1.80 4.63 0.84! 1.35 0.26 2.40 

250-cm suction 0.74 1.74 0.45 0.88 0.62 0.60 0.00 0.09 

LSD (.05)
 

(i) Moisture 0.27
 

(ii) Nitrogen 0.48 

(iii) Variety 0.27
 



320
 

Appendix 35. Influence of soil moisture regime and nitrogen levels on root length
 
(cm).
 

Soil moisture regime 100 ppm N 200 - pprmn1 400 ppm Nppm 300 

IR-20 oS-6 !R-20 0S-6 iR-20 os-6 IR-20 os-6 

Submergence 33.5 54.9 
 38.8 56.6 h0.2 '49.6 36.0 59.6
 

100-cm suction 32.0 
 35.6 35.1 38.14 38.8 53.8 36.6 46.8
 

250-cm suction 54.0 51.4 4h.3 
 49.5 39.0 44.7 17.6 
 38.6
 

LSD (.05)
 

(i) Moisture 7.1
 

(ii) Nitrogen 7.7
 

(iii) Variety 5.5
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Appendix 36. Influence of soil moisture regime and nitrogen levels on root 
diameter (mm). 

400 ppm N
Soil moisture regime 100 ppm N 200 ppm N 300 ppm N 

IR-20 os-6 IR-20 os-6 IR-20 os-6 iR-20 os-6 

Submergence 1.97 2.23 1.93 2.63 2.73 3.07 2.40 2.23 

100-cm suction 1.50 1.93 2.20 
 2.17 2.13 2.37 1.57 2.03
 

250-cm suction 2.07 2.47 1.93 2.47 1.60 2.30 1.17 1.07
 

LSD (.05)
 

(i) Moisture 0.43
 

(ii) Nitrogen 0.38
 

(iii) Variety 0.18
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Appendix 37. Influence of soil moisture regime and nitrogen levels on dry

root weight g/plant.
 

Soil moisture regime _____ 
100 pn N 200 ppm N 300 ppm N 400 ppm N 

___ 

IR-20 os-6 IR-20 os-6 IR-20 OS-6 IR-20 os-6 

Submergence 40.6 36.6 55.9 58.9 66.1 
 73. .7 42.9 

100-cm suction 17.8 
 17.5 15.9 45.5r 59.5 69.3 15.1 33.7
 

250-cm suction 20.0 
 52.3 18.0 65.8 16.2 27.6 6.6 13.7 

LSD (.05) 

(i) Moisture 20.2
 

(ii) Nitrogen 15.8
 

(iii) Variety 10.9
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Appendix 38. Influonce of soil moisture regime and nitrogen level on root
 
weight of 3-cm section.
 

Soil moisture regime 100 ppm N 200 ppm N 300 ppm N 400 ppm N
 

IR-20 os-6 IR-20 os-6 iR-20 os-6 iR-20 os-6
 

Submergence 5.23 3.49 5.61 6.49 8.55 6.73 8.24 4.98
 

100-cm suction 1.80 2.06 2.26 3.82 3.08 4.08 1.53 3.85
 

250-cm suction 2.29 4.93 2.47 4.33 1.84 3.44 1.78 2.05
 

LSD (.05)
 

(i) Moisture 1.89
 

(ii) Nitrogen 1.61
 

(iii) Variety 0.59
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Appendix 39. Influence of soil moisture regime and nitrogen level on root number.
 

Soil moisture regime 100_____ppm N 200 D3m N________ .... 300 ppm N 400 ppm N 

IR-20 OS-6 iR-20 OS-6 IR-20 OS-6 !R-20 os-6 

Submergence 722 537 976 853 756 722 825 891 

100-cm suction 470 693 1486 310 019 654 230 492 

250-cm suction 541 653 716 501 594 739 309 313
 

LSD (.05) 

(i) Moisture ns
 

(ii) Nitrogen ns
 

(iii) Variety ns
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Appendix ho. Leaf water potential (L,) at 50% flowering (Bars) at 8 a.m.
 

100 ppm N 200 ppm Ti 300 N 1 4pmh00 ppm NSoil moisture regime ____ N I 

IR-20 OS-6 
 !R-20 OS-6 !R-20 os-6 IR-20 oS-6 

Submergence 
 16.7 10.7 15.6 13.7 15.3 13.8 15.7 12.9 

10O0-cm suction 15.4 12.9 18.0 13.L 17.7 13.2 - 15.4 

250-cm suction 20.7 13.1 19.1 16.6 12.3 5.9 9.2 -

LSD (.05)
 

(i) Moisture 
 6.6 

(ii) Nitrogen 3.0
 

(iii) Variety 1.9
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Appendix 41. Leaf water potential (Li) at §0% flowering (Bars) at Ii 
a.m.
 

Soil moist!e regime 100 p N 200 ppm N 300 p::: U 400 ppm N 

!R-20 0S-6 TI-20 OS-6 TR-20 OS-6 IR-20 os-6 

Submergence 16.0 18.7 17.3 17. ! i. 1ih.8 19.6 16.0
 

100-cm suction 19.6 21.L
16.3 15.6 17.9 19.6 - 17.5 

250-cm suction 21.1 15.3 00.8 18.5 -l.6 6.0 9.6 -

LSD (.05) 

(i) Moisture 6.7 

(ii) Nitrogen 3.3
 

(iii) Variety 2.0
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Appendix 42. Leaf water potential (Lw) at 50% flowering (Bars), at 1400 hour.
 

100 p.Om N 200 prm 00 400 ppm N-- o-.- N 

Soil moisture regime 

IR-20 os-6 IR-20 OS-6 IR-20 OS-6 IR-20 0S-6 

Submergence 21.0 20.7 21.7 20.8 19.5 19.2 21.2 18.3 

100-cm suction 21.5 19.4 21.7 18.0 22.2 20.9 - 19.7 

250-cm suction 22.9 20.6 23.3 20.S 15.9 7.1 9.8 -

LSD (.05)
 

(i) Moisture 6.6 

(ii) Nitrogen 3.8
 

(iii) Variety 2.2
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Appendix L3. Leaf water potential (7") (Bars), at grain filling stage at 0800 hour.
 

100 :nm N 200 ... 300 rm i 400 Dnm NSoil moisture re -e
 

!R-20 oS-6 !R-20 03-2 i Os-6 IR-20 os-6 

Submergence 17.3 12.6 16.0 13.0 15.2 q-7. 16.3 14.2 

100-cm suction 17.7 15.0 16.1 1i.O 6.9 L.5 - 9.9
 

250-cm suction 
 - 6.0 12.6 5- 5.5 

LSD (.05) 

(i) Moisture 4.2
 

(ii) Nitrogen 3 8
 

(iii) Variety n.s
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Appendix 44. Leaf water potential (Bars) at grain filling stage at 1100 hour.
 

Soil moisture regime 100 ppm N 200 ppm N 300 ppm N 400 ppm N 

!R-20 1OS-6 IR-20 OS-6 iH-20 0S-r F-20 os-6 

Submergence 17.3 14.6 18.7 17.8 18.9 17.8 18.3 16.7 

100-cm suction 18.8 16.8 21.9 16.8 7.5 6.L - 13.0 

250-cm suction - 6.2 16.3 6.9 7.8 - - -

LSD (.05) 

(i) Moisture 5.1 

(ii) Nitrogen 4.7
 

(iii) Variety n.s
 



330
 

ADpendix 45. Leaf water potential at grain fin- stage at 1"00 hour (Bars) 

-- ~~0 -I a200) ri fi 0in -tgT 10 o Bs 

Soil :oisture regime i00 200 or j ,00XO0 p 11 

IR-20 OS-6 iR-20 0S-6 T-2j0 S- IR-20 OS-6 

Submergence 21.0 13.2 20.2 13.3 20.7 12.6 20.1 10.9 
!O0-cm suction 19.8 18.1 23.1 19.2 7.5 6.i - 7.6 
250-cm suction - 6.9 16.9 6.9 8., 

LSD (.05) 

(i) Moisture 3.5 

(ii) Nitrogen 4.8 

(iii) Variety n.s 
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Appendix 46. Influence of nitrogen level and soil moisture regime on the leaf
 
water ootential (PSI) at 50% flowering stage of growth.
 

400 ppm N
Soil moisture regime 100 PpM N 200 pom N 300 ppm N 


IR-20 0s-6 1R-20 0S-6 AR-20 os-6 IR-20 os-6
 

Submergence 277.3 243.3 265.0 29.7 257.7 231.7 274.3 228.0
 

100-cm suction 273.7 235.7 296.0 228.0 279.3 259.7 - 255.3
 

250-cm suction 313.0 237.3 306.0 271.31 207.0 92.3 138.0 130.0
 

LSD (.05) 

(i) Moisture 130
 

(ii) Nitrogen 67.5
 

(iii) Variety 15.0
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Arpendix 47. Leaf diffusive resistance at panicle initiation stage (sec cm-l).
 

on_ 200100 _ . 7_ o".. " 1oO p 
Soil moisture rezime 400 ppm N
 

OS-20 R-2O T--2 OS-_ !R-2 OS-60S-cC OS-6 

Submergence 5Z 5.27 4.52 5.05 L. :. 3.93 
 5.56 

100-cm suction 297 3.9 2.94 3.77 3.26 3.72 
 4.33 3.40 
250-cm suction 3.96 6.03 9.63 5.3c .96 6.04 15.64 8.82 

LSD (.05) 

(i) Moisture 3.41
 

(ii) Nitrogen 1.45
 

(iii) Variety 0.91
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Appendix 48. Leaf diffusive resistance at mid-tillering stage (sec cm-l).
 

100 ppm N 200 pm N 300 ppm N 400 ppm N
 
Soil moisture regime
 

IR-20 os-6 IR-20 OS-6 IR-20 os-6 IR-20 0S-6 

Submergence 3.48 3.90 4.09 3.83 3.60 4.00 3.52 3.92
 

100-cm suction 3.61 4.26 4.38 
 4.39 4.81 5.17 7.48 4.08 

250-cm suction 5.20 4.91 5.41 4.25 4.38 4.68 5.68 5.36
 

LSD (.05)
 

(i) Moisture 1.47
 

(ii) Nitrogen 0.47
 

(iii) Variety 0.30
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Appendix I9. 
 Leaf moisture potential (Lp) monitored 3 days after
3rd doze of fertilizer application (Bars).
 

Leaf' water potential (PSI)
 

Treatments 
 8.30 am 
 ii am 
 2 pm
 

os-6 IR-20 os-6 IR-20 os-6 

M1 Nl 260 165 270 260 
 310 365
 

M, N4 230 150 
 2h0 205 295 
 275
 

M3 NI 265 ]90 335 290 
 390 385
 

M3 N1, 300 2h5 h05 
 250 430 325
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Appendix 50. Leaf diffusive resistance at 3 days after 3rd
 
application of fertilizer (sec cm-1 ).
 

- I

Leaf resistance sec. cm
 

Treatments 8.30 am 1i am 2 pm 
8.30 am 8.1300 2 pm 

IR-20 oS-C IR-20 os-6 IR-20 oS-6 

MI N 2.71 3.53 3.31 4.40 4.49 5.64 

M1 N4 2.77 3.23 3.87 4.75 4.61 6.01 

M3 N 3.69 3.46 4.38 ).85 5.47 5.69 

M3 N4 5.26 5.16 7.38 7.24 8.77 13.47 


